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§, Sir, 

(^ Gratitude and refpe£t arc 

due from every individual in fociety, to 
him who promotes its real intereft, by ex- 
tending the bounds of knowledge. All 
Europe is acquainted with the exertions you 
have made for its advancement : permit me 

to join the voice of nations, by expreffing 
the fenfe I entertain of them. With this 
intention, I take the liberty of dedicating the 
following Treatifc to the Prefident of that 
reipedlable Body of Men,* among whom the 
Vol. I. A true 
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true Philofbphy had its origin^ and to whom 

it owes a great part of its improvements. ^ 

I' -^ 

I^m, with much refpeft. 

Sir, 
Your moft obedient 

* humble Servant, 



London, * 
Feb. 28th; 178s. 



W. NICHOLSON. 
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The advantages derived from the fciencc of Natu- 
ral Philofophy, are fb great and fo univerfally ac- 
knowledged, that an enumeration of them would be 
unneceflary, if it did not fervc to enliven ^x)d direct 
that fpirit of inquiry which is natural to youthfiil 
minds ; and tp awaken thofc who from a want of 
refledion are not inclined to look into the caufes of 
things. We are apt to regard objcds to which wc 
have long been familiarized, with languor and indif* 
ference, and we now behold efFefts "without even the 
emotion of curiofity, which in Icfs enlightened ages 
wotild have been thought miraculous, 

J^an in a rucje and favage date, with a precarious 
fubfiftcnce, expofcd to the inclemencies of the fca- 
fons, and the fury of wild beafts, is an object of 
pity when compared to man enlightened and aflifte^ 
by Philofophy ; Ignorant of architcfture, of agri- 
. cufture, of commerce, and of all the numerous arts" 
which depend upon the mechanic powers ; he exifts 
in the defart, qomfortlcfi and unfocial, little fuperior 
in ertjoyment to the Hon or the tyger, but much 
their inferior in ftrength and fafety. If it be true 
that? man ever exifted in this ftate> it could not have 
laftcd long} the exertion of his mental ftrcngth muft 
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have given rife to the arts. Aided by thcfc^^ the 
wildernefs becomes a garden embclliflicd with fem- 
ples, palaces, and populous cities i and he beholds 
himfelf removed to an immenfe diftancc from the 
animals, to which in his ori^nal ignorance he fcem- 
cd nearly alliecj. 

The Iciencei beftowthat lelfure and independence 
which have enabled fuperior minds to form kwsj and 
to eftablifli the rights of mankind by mutual compadt 
between the powerful and t;he weak, By this leifurc 
it is that ingenious and fpeculative ' men have col«!- 
lefted maffes of knowledge, which induce us to re^^ 
gard the powers of the human miqd with aftonilh- 
ment. Hence we poffefs the admirable fcience of 
Aftronomy. A fcience founded on the moft accu- 
rate and long, continued obferv^tions, and fyftemifed 
by the pureft mathematical reafoning ; but at the 
fame time fo remote from vulgar apprehcpfion, that 
its daily and important ufes and prediftions ar^ h^f d- 
ly fufRcicnt jo preyenf its being regarded by th? 
ignorant, as a chimera ! 

The other departments of Nafural Philofophy, are 
not lefs replete with wonders. How great would 
have been the furprife of the anticnts, could they 
have foreknown the efFefts which arc produced by 
the reBeAion and refradlipn of light ! By ^ fkilful 
management of thefe properties, telefcopcs wd var 
rious optical inftruments are conftfufbed: pbje6b 
too remote to be perceived by the naked eye, arc 
enlarged anjd rendered yifiblc : ^ the fatellitcs of 
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Jupiter and Saturn^ the mountains and cavides lA 
the moon^ and the changes which take place in the 
fun's di(c, art thus difcovered, and afford matter for 
admiration and enquiry. 

Ncidicr is this delightful fcience of optics confined 
to the contemplation of diftant objefts. Minute 
animak> the veflels of plants, and> in fhort, a new 
world in miniature, is difclofed to our view by the 
microfcope, and an inexhauftible fund of rational 
entertainment and knowledge is brought within the 
Iphere of our fenfes. - 

Every one is acquainted with the benefits derived 
from the fcience of Hydroftatics, to which we are 
indebted for many ufeful inventions. Among thefe 
are wind and water mills, pumps, fire engines, fteam 
engines, &c. &c. 

Chemiftry is productive of great and Angular ad- 
vantages to fociety. Metallurgy in its utmdft ex- 
tent, the arts of making glafs and pottery, of dying, 
and many others, together with a very confiderable 
part of the Materia Medica, are dependant on this 
branch of Philofophy. The vaft importance of 
Metallurgy, may be rendered obvious from the Angle 
confideration of the many ufes to which iron is 
applied. Without this metal we fhould be almoft 
totally incapable of making any utenfil or iiiftru- 
ment. " It is difficult to recoiled any produdion of 
art in the formation of which iron is. not made ufe 
of; and thfe very exiftc^ce of naval commerce de- 
pends, on its magnctical property. 

A 3 Philofophy 



Philofophy is not therefore a dry ftudyi bat ii 
purfuit of the higheft utility and cntertainnicm. ^ 
Thofe who cultivate the fciences know that they 
naturally produce a fmccre apid difintcrefted love of 
truth. An enlarged view of things deftroys the ef- 
feds of prejudice^ infpires the propereft ideas of the 
great original caufe^ and promotes a deteft^tion of 
every thing that is mean or bale. And if there be a 
pleafure in attending to obJed:s which fill the mind ^ 
by their immeprityj and delight the imagination by 
the continual difcovery of new and fublimc analogies, 
it is not to be wondered thac Philofophcrs puriiic 

' their ftudies Y^ith a degree of attention and ardor, 
which is not found in My other fet of , men. 

" The order of arrangement in the prcfent work, 
is fuch as was fuggefted by the fubjedts themfelves. 
After ^ curfory enumeration of the general properties 
• of matter, motion is principally attended to, being 
that aSeftion of majcer by which all changes are 
brought about. Mechanics and aftronomy naturally 
follo3V, ind are fucceeded by an elucidation of the 
properties and motion of light. The more complex 
motions of fluidsi and the atmofpheric phenomena 
are next confidered. Thus fzv it will be obferved, 
that the work treats of fuch general efFefts as arift 
from the motions of bodies, without any particular 
refped to thofe fpecific properties which dUUngui(h 
them into various clafles^ The remaining part of 
the treatife k employed upon thefe fpecific proper* 
ties: a long fe£tion upon cHemiftry is given for tt^& 
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purpofe of explainii^ them as &r as they are at 
prefent known, 4nd are capable of being underAood 
by mere reading. Magnetifin and cJeftricitjr oc^ 
cupy the concluding fedions. Upon the whole^ 
therefore, it m\\ be ken that the moft fcientific and 
beft eftabliihed plarts of Natiiral Philolbphy are firft 
treated of^ and are followed in fucceflion by others 
wluch are lefs underftood. 

This treatife being intended to p^e a dear ac^ 
count of the prefent ftate of Natural Philofophy, to 
filch as poflefs very litde mathem^cal knowledge s 
care has been uken to leled fbch h&s and experi*^ 
ments as tend to eftablifh elementary truths. The 
varieties 'Of experiments of the fame kind are not 
therefore numerous » but it is hoped that the advan« 
tage of a greater number of general principles, is by 
tkor tneaiis obtained. Philofophical inftrumenti 
likewife, are not minutely defcribed. References to 
the parts of drawings are not often read or under^^ 
flood: for wluch reafon it was thought better to ex« 
plain thdr general conftruftion, and leave the mi* 
nu&B to ocular infpe6Hon. The grand objcft 
thfou^out has been to relieve the memory, and 
aflift tte. underllanding) by concifenefs and illuftra^ 
dve ^n^angement. 

Thofc prolix difquifitions, which render the com* 
meritator lefs intelligible than the author commented 
upoui are thus avoided j neither has the afllcdtation 
of familiilrity, which is ufually attended with t lax, 
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and unphilofophical explanation of one event by 
anoAer equally obfcure, been indulged. On the 
contrary, the author has every where endeavoured to 
preferve that folidity of atgument, and precifion of > 
exprefllon, which diftinguilh the works of the beft 
Philofophers. And, notwithftanding the nature of 
the undertaking unavoidably required a deviadon 
from thofe elegant and general principles which arc 
obtained by Arid mathematicarreafoning ; yet it i^ 
prefuffied that the ftudent will find nothing in this 
treatife, which he will be under the neceflity of 
unlearning, when he attempts the perufal of thofe 
books to ^hich this is offered as an introduction. 

The attentive examinarion of other books, to 
which the writer of this performance has had recourfe, 
has (hewn him, that even the works of thofe great 
men, who dcferve and poffcfs the higheft reputation, 
are not free fi"om errors of importance. The prefent 
occafion does* not require tjie difagreeable tafk of 
pointing them out j but this very confideration ivill 
not permit lum to ^ hope that his diligence has en- 
tirely excluded miftakes. However he has litde to 
fear on that account, being fcnfible that thofe who 
are the beft able to difcover them, will at the fame 
time be the rcadicft to exercife that candor which 
every writer has need of. 

. The liberty which has been taken in altering the 
words of other authors, and adapting them to the 
purpofe of this work, would have prevented the ufe 

of 
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of formal quotations if diey had been fuppofed 
neceflary; and as the prcicnt intention is not at aJM 
hiftorical^ the names of authors have been avoided as 
much as was confiftent with the wi(h of the writer^ 
to evade the fufpicion of plagiarifm. If plagiarifm ' 
can be imputed to the author of an epitome of 
fcience^ this acknowledgment muft be allowed to 
x>bviate. the charge. 

In the printing every thing which could be ima- 
gined of fervice to the book, as a manual of philo- 
ibphy^ has been done. A varying tide at the head of 
each page> and copious indexes, are annexed. From 
thefe the reader will fee that fcarcely any faft of im- 
portance has been omitted. 

The learner who may be induced to fix his che- 
mical reading in his memory by recurring to ex- 
periment, which may be done with very litde ex- 
pence, is caudoned to beware of the danger with 
which it is fometimes attended. The folution, eva- 

ft 

poradon, and calcination of uninflammable matters, 
may be performed in the common apartments of a 
dwelling houfe; but the diftillation of corrofive or 
inflammable fubftances, ought not to be attempted 
but in a place prepared for the purpofc. The burft- 
ing of a retort containing any concentrated fuming 
acid, muft be very deftrudtive to furniture, as well 
as prejudicial to health ; and ardent ipirits, refins, 
and the like, would endanger the houfe if a fimilar 
accident were to happen. It is impoffible to give 
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advice ^^^ainfl the many caluddes to which che« 
mical experiments are liaUc. , One general maxiin 
is always to endeavour from analogjr to forefee die 
confequence, or probable refulc> of die btended 
procei$> and when diat cannot be done, to obfenre 
die phenomena^ and proceed with caution. 
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ADVERTISEMENT 



TO THE 



SECOND EDITION. 



The improvements in this fecond edition 
arc very confiderable; as well in confe* 
qucnce of the rapid progrefs of the difcovc- 
ries made hy Philoibphers in all parts of the 
civilized world, as of the careful revifion the 
whole work has undergone. The additions 
are equivalent to a third volume, though by 
an alteration of the type, and page, this 
edition has been prevented from exceeding 
the former in bulk or price. Many ad- 
ditional figures have been inferted in the 
plates, and thofe numbered vii. and viii. are 
eiitirely new. Marginal references ?re like- 
wife annexed, which it is hoped will be 
found eminently ufeful. In thefe the figures 
denote the pages, and' the letters the para- 
graphs of the pages, where the proofs or 
illuflrations referred to are to be found : and 
in the fecond volume the numeral letter 1. 
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is prefixed whenever the firft volume is 
referred to. . , 

London, 
Nov. I ft, 1786. 



Of the prefent fourth editiou I ^ have only 
to obferve, that the whole has been carefully 
revifed, and the recent difcoveries added in 
their proper places. 

London, 
January 8th, 1796. 
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INTRODUCTION 
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T O 

NATURAL PHILOSPHY. 



OF TH£ DEGREES OR KINDS OF KNOWLEDGE ; AND 
THE RULES OF PHILOSOPHIZING. 

1 H E impreflSons made on the organs of fenfe by 
external objefts "produce ideas in the mind. We arc 
continually employed in amafling a ftock of general 
truths refpcdling them, which is called knowledge. 

An intdligfent being, whofe powers are limited, 
xnuft of ncccflity be unequal to the performance of 
many things. If any affertion be mlde' refpcfting 
two or more ideas, it will imply either truth or 
falfehood ; but the cafes in which wc can with cer- 
tainty difcover the one or the other are very few; 
In compariibn with thofe that are placed beyond 
our power of i^veftigation. Yet> as a decifion is 
almofl: always required for the regulation of our con- 
dud in the affairs of Yift, the greater part of our 
knowledge becomes founded on probability, inftead 
of efiabliihed truth. The means/of acquiring 
knowledge may therefore be faid to be of three 
Vol, !• B kinds. 
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2 INTilOIHtTCTION. 

kinds. Certainties are obtained either by intuition 
or demonftration ; probabilities are obtained by ana- 
logy. 

There are fome' ideas whofe mutual relation in 
certain refpefts is fo.eVldept, that nothbg more is 
required tb obtain the knowledge of it, than to apply 
them to each other. For example ; if a given body 
be divided into parts^ and the mutual relation be-^ 
tween the whole body and one of its parts, with re- 
fped to ms^nitude, be demanded, the mind imme- 
diately conceives, with the cleareft and moft abiblute 
certainty, that the whole body is greater than m 
part. If the particular body or magnitude in con- 
templation be abftra6led> or left out, the propoiition 
becomes general in this form, viz. every magnitude 
is greater than any part of the fame. This kind of 
knowledge is called intuitive, and the general pro- 
pofitions ire termed Axioms. 

When it is required to determine the mutual re- 
lation of two ideas, whofe agreement or di&gre^- 
ment cannot be intuitively perceived, the truth may 
often be obtained by the intcrpofition of a chain of 
axioms. This method of exhibiting the truth i$ 
termed demonftration, and (cems to be applicable 
only to our ideas of the quantities and pofitions of 
magnitudes. For this reafon, it will be difficult to 
give an example wirfiout having recourfe to tht ma- 
thematicks. The following will, towever, be eafily 
underftood. 

Fig. I. L^t the two circles in the figare be (up- 
poled equal) and the circumference of each to pais 
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through the center of the other. Imagine the cen- 
ters to be joined by the right line a b, and the lines 
c A, c B, to be drawn from one of the points where 
the circumferences intcrfcft each other, to the ccn^ 
tcrs rdpeaively* Then, I fiiy, the lines a 9^ b Cj 
c A, will jbe equal each to eath* 

The demonftration of this tryth is as foUows : 

The wxurd circle fignlfies a plain figure, contained 
under one Uoe, cajUed the circumference, to which 
all right. lines drawn to a certain point within thjs 
figure^ called the center, are equal. As foon there- 
for^ as it is underftqod that the figurje a c d is a 
jclrcle, ^nd that the lines a b, c b, are right lines 
drawn frpm its center co Its circumference, it is ft- 
ksQ^wl^dged intuitively, and without further argu- 
ment, that thofe lines are equal. 

The faa)e region in the cirde £ c b evinces, that 
the lines a fj a c, are equal. 

TA»e IBnas A c, c b, be^ig thus proved to tie each 
equal to the line a Bi are likcwife equal to each 
other. For it is m .intuitive truth or axiom, that 
things equal to one wd the ^cne thing are equal to 
eadi other. . 

The wAot of axioms, md the labour of demon- 
foation, .are not the only impediments to the acqui- 
fitflon of .knowWae. ICnowleclge is converfant wit^i 
ideas only : it cm thericfocc be faid to poflfefs reality 
mkh /rtipc& to eternal objedts, fo far piJiy as thofc 
ideas «ay hp iake» or f)>bftiujted for the thii^ thftjr 
jcprfefont; but it is iiPfK^iWe to determine how fv 
•das naf be done with prppcicty, even if it can l?e 
, . B a done. 
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done at all. In referring from ideas, to thing? we 
are liable to error, not only becaufe the compound 
idea of a being coofifts of an aflemblagc of its pro- 
perties, which may be incomplete and inadequate,' 
but likewife becaufe thofe ideas may even be quite 
different from any thing exifting in the being itfelfi' 
as maj^ be inftanced- in the ideas of colour, found, 
pain, &c. The great perfpicuity and certainty of 
mathematical knovyledge arifes from the fimplicity 
of the ideas employed, and their not depending on 
any external being: for, as this fcience treats only of 
ideas, it is of no confequence to its truths, whether 
geometrical figures ever had an cxiftcnce j it being 
fufficient that their exiftence is poffible. 

The greater number of our ideas being too com- 
plex and imperfeft to admit of intuitive conclufions 
or axioms, it is evident, that in general we" mud be 
contented with lefs proof than demonftration. In- 
ftcad therefore of.endeavouring to obtain .axioms by 
comparing ideas, we obferve events, and from the 
contemplation of what has happened, we form a 
prefumption of what will again come to pals. Ob- 
fcrvation has (hewn us, that a certain event is 
always followed by another determipate event 5 we 
fuppofc a relation to fubfift between them 5 we 
imagine this relation to be neceflary j we diftinguiJh 
the prior event by the name of Caufe, and the htter 
-we call the Effeft. This kind of knowledge, which 
is not founded on reafoning, but on experience 
abne, may be termed Analogical, and is much left 
>perfc6l dian ^yhat is obtained by intuition .or At- 

monftration. 
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monftration. That a ftone will dcfccncj to the earth, 
is an analogical proponcion. It capnot be demon- 
ftrated : but, from the confideration of a vaft num- 
ber of events of the fame nature, a degree of pro- 
bability arifes, which commands our aflcnt. It is 
clear, that analogical propofitions are no more than 
ftrong probabilities, from the remarkable circum- 
ftance, that their convcrfe does not imply an abfur- . 
dity. To deny an intuitive or demonftrativc truth, 
is to aflert an impoffibility ; but to deny an analogi- 
cal truth, is only to aflert an improbability. The un- 
derftanding revolts at the affirmation, that g part is 
greater than the whole body ; but we fee no impoC- 
Jfibility in the alTertion, that a ftojie, at fome time 
or place, has remaii^ed in the air without a tendency 
to defcend ; this fuppofition being highly improba- 
ble, but nothing more. In fad:, 'demonftration is a 
cdlledion of truths or axioms; analogy is a collec- 
tion of probabilities. Simple probabilities are to 
analogy what axiom^s are to demonftration. Now, 
there is no comparifon in point of certainty between 
axioms; all being equally true; but probabilities 
diflFer exceedingly in their degree of credibility. 

Natural Philofophy, ftriftly fpeaking, admits of 
no other proofs than diofe of analogy. To give 
liability to this fcience, it is neceflfary to admit ho 
probabilities as firft principles of analogy, but thofe 
which poflefs the ttrongeft and moft incolitrovertiblc 
refcmblance to truth.^ For this purpofe, the follow- 
ing rules are adopted : 
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kules of Philofophizing. 

I. 

No more caufes ^ of natural thbgs ought to be 
admitted than are feal^ and fufficient to explain the 
phenomena, 

11. 

And therefore efFcfb of the fame kind are refer- 
ed to the fame cau^« 

« 

in. 

Thofe qualities^ whofe virtue can neither be in- 
creafed nor diminifhed. and which are found in all 
bodies with which experiments can be made^ ought 
to be ad;nitted as qualities of all t)odics in generaK 
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OF MATTER. ANP ITS PROPERTIES. 

Matter is knowa to us only by its properties, a 
The properties common to all mattct are extcn- b 
fion, impenetrability, inertia or refiftancc, attraction, 
motion, and reft; all which, except the two laft, 
which cannot e^ift together^ are found in all bodies - 
whatfoeven 

It would be, perhaps, a frultlefs attempt, to en- 
quire whetl^er thefe arc the only qualities with which 
' )3odies ar^ endued in comm9n. Matter may poHefe 
many ofhers, that bur fenfes are not adapted to ob- 
ferve, or which have even efcaped the notice of 
Philofophers. But it is neceflary to obferve, that c 
we are totally ignorant of the fubftance in which 
thefe properties are united. The effence of matter 
is unknown to us. ' We muft not, therefore, aflume 
one or more of thefe properties as comppfing that 

B 4 cflence 
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eflencc itfclf j for moft of the errors of the earlier 
phiiofophers have arifen from this fource. 

D There are other properties, fometimes called Ipe- . 
cific, that are not found in all b6dies -, fuch as tranf- 
parency, opacity, fluidity, confiftence, and the Kke. 
But thefe fcetn to relate to the figures or motions of 
the parts of bodies, and are, therefore, referable to 
the general properties. There are alfo feveral fpe- 
cies^ of attraction and repulfion, which will be at- 
tended to irf their proper places. 

Here follow definitions of the general properties 
above mentioned. 

B Extenfion, is that affedlion of matter by which it 
occupies part of fpace. 

F Impenetrability, is that by which two bodies can- 
not exift in the fame place at the fame time. 

G Inertia, is that by which a body refills any force 
impelling it to a change of ftate, with regard to mo- 
tion or reft. ' ! 

H Attraction, is that by -which one body continually 
tends to approach to,' and, if not by external means 
prevented, does approach to, another body or bo- . 
dies. 

I . -Motion, is a continual and fucceffive change, of 
place. Reft, is the permanency or remaining of a 

, body in the fame place. 
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CHAP. ir. 

OF EXTENSION AND IMPENETRABILITY, 

The idea of extenfian is fo fimplc, that it k 
cannot be defined. For though^ in the preceding 
Chapter it was pointed out as -that affeftion by 
which matter occupies part of fpace, yet, there caa 
be little doubt but that the idea of extenfion is 
itfelf antecedent to that of Ipace, and therefore not 
properly definable by it. In. order to facilitate the 
confideration of fuch truths as relate to extended 
magnitndes, geometers have, as it were, analyzed 
cxtenfion. It is evident that extenfion implies form l 
or figure, and figure muft be limited. The limit or 
termination of figure is called a furfacc, or fuper- 
ficies. A fuperficies is likewife limited, and its 
termination is called a line. And the termination 
of a line is called a point. Now, though it is clear, M 
that a fuperficies, a line, or a p6int, cannot cxift 
feparate or apart frorh an extended being, yet, it 
is certain that the ideas of them may be confi- 
dered 'diftindlly, without immediately referring to the 
other confequenccs arifing from the general idea of 
cxtenfion. In this fenfe mathematicians define a n 
point to be that wjiich has no part, or is altoge- 
ther indivifible ; aline to be that which is length, 
without breadth, or is divifible in one refpcdt, 
namejy, of length ; a furface io be tliat which has 
only length and breadth, or is divifible in two rc^ 
lpe6l:s, namely, of length and breadth ; and a folid 
^ to 
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to be that which has length, breadth, and thick* 
nefs, or is divifible in three rclpefts, namely, of 
length, breadth, and thicknefs. 

No finite or imaginable djvifion of a line can 
ever produce ^ point or indivifible part. A line is 
therefore divifible into an infinite ntimbcr of oth^r 
lines, or fimilar parts, and confequently much more 
is a fuperficics, and yet more a folid, A mathematical 
folid, that is to fay, pure extenfion, is divifible to b- 
finity : and if the elements of matter be of the iamc 
nature as the aggregates they compofe, matter is 
likewife infinitely divifible. A variety of remark- 
able confequences follow from thcfc plain deduc- 
tions; of which we fhall proceed^ to mention a 
few infl:anccs both theoretical and pra6tical. Thus, 

Any quantity of matter, how. fmall foevcr, and 
any finite fpace, how great foever, being given 
(as for jexampk, a cube circunifcribed about the 
orb of Saturn) it is pofiible for the fmall quantity 
cf matter to be diffufe^ throughout all that Ipace, 
and to fill it, to that there fhall be no pore or 
interface in it, whofe diameter fhall exceed a given 
finite line. 

To prove this, fuppofe the cube to be divided 
into fmall cubes, whofe fides fhall each be equal to 
half the given line. It will be eafily feen, that the 
number of fmall cubes will not be infinite. Ima- 
gine the ' quantity of matter to be then divided into 
a number of parts equal to that of the faiall cubes, 
and a particle to be placed in the center of each 
cube. The whole fpace will thus be filled, and 

the 
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the grteteft diftancc between two adjacent pardcle^ 
or, in other words, the diameter of any pore or 
interftice, will be lefs than the given line* 

Hence there may be given a body, whofe mat- 
ter, if it ^ coul(f be reduced or comprefled into a 
fpace abfolutely full, that fpace may be any given 
part of its former magnitude. 

Again 5 there may be two bodies of equal bulk, 41. 
and their quantities of matter may be unequal in 
any proportion 5 yet the fum of their pores, or 
quantity of void fpace in each of the two bodies, (haU 
be nearly in the proportion of equality to each other. 
* This is not fo obvious as the former inftance; 
tnit an example will render it clear. 

Suppofe one thoufand cubic inches of gold to 
contain one cubic inch of matter, or, in odier 
words, when reduced into a fpace abfolutely fiill, 
to be 'equal to one cubic inch : then one thou&nd 
cubic inched of* water will contain one nineteenth 
part of an inch of matter when reduced. Confe- 
qtlently, the void fpaces in the gold will be nine 
hundred and ninety>-nine cubic inches, and thofe in 
the water nine hundred and ninety-nine cubic 
inches, and eighteen nineteenth parts of an inch; 
that is, they will be nearly in the ratio of equality. 

Yet, the aftual divifibility of matter can proba- a 
bly be carried but to a certain degree. The ulti- 
mate particles of bodies, it is moft likely, are not 
to be altered by any force in nature. But there 
are, neverthelefs, many inftances which (hew to 

* Gold is nineteen times as heavy as water. 

8 ' what 
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v^hat inconceivably minute parts bodies may be 
, actually divided. 

$ A grain of leaf-gold will cover fifty Iquare 
inches, and contains two millions of vifible parts 5 
but the gold which covers the filver wire, ufed in 
making gold lace, is spread over a furface twelve 
times as great. 

;r In making tRis wire, it is ufual to gild a cylin- 
drical bar of filver ftrongly, and afterwards draw it 
into wire, by pafling it fucceffively through holes 
of various magnitudes in plates of fteeU By this 
means the furface is prodigioufly augmented ; not- 
withflanding which, it ftill remains gilded fo as 
to preferve an uniform appearance even when exa- 
mined with the microfcope/ The quantities of 
•gold and filver, and the dimenfions of the wire, 
are known. With thefe data it is eafy to calculate, 
and from calculation it is proved, that fpcteen 
ounces of gold, which, if in the form of a cube, 
would not meafure one inch and a quarter in its 
fide, will completely gild^ a quantity of filver- 
wire fufficient to circumfcribe the whole globe of 
the earth. 

u The animalcute obferved ii> the mjlt of a cod- 
fi(h are fo fmall, that many thoufands of them might 
ftand on the point of a needle. 

Suppofing the globules of the blood in. thefe 
animalculas to be in the fame proportion to their 
bulk as the globules of a man's blood be^r to his^ 
body, it appears, thaf the fmalleft vifible grain of 
land would contain more of thefe globules than 

10,256 
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- io,*256 of the largeft mountains in the world would 
contain grains of land. 

Thefe inftances may ferve to fhcw the amazing v 
finenefs of the parts of bodies, which are heverthelels 
ftill compounded. Gold, when reduced to the thin- 
ned leafi ftill retains thofe properties which arifc 
from the modification of its parts. Microfcopic 
animalculas are wiriiout doubt organized bodies, and 
the particles of their circulating fluids muft be pof- 
fcffed of fpecific qualities. Even the rays of light 
are compounded of an almoft infinite variety of par- 
ticles, which, when fepars^ted from each other, exhibit 
the powers of exciting ideas of colours. None of thefe 
are the ultimate particles of which all bodies are form- 
ed, for they all bc^ar evident marks of compofirion. 
How inconceivably fmall then muft thofe particles be ! 

To thefe ultimate particles alone it is, that im- w 
penetrability can be attributed. Penetration takes 
place in all compounded bodies. Water exifts in the 
pores of wood. Air in the pores of water. Quick- 
filver in the pores of gold, &c. &c. 

Some philofophers have queftioned whether im- x 
penetrability be really a property of matter; and it 

■ 

muft be confefled, that, notwithftanding this idea 
is fo clofcly conneftcd in the formation of our com- 
pound idea of matter, yet, if we examine from 
whence the notion is * originally obtained, we (hall 
find that our knowledo-eis much Icfs certain than 
we may have furpe(SEed. 

To make this clearer, we muft confider that our r 
notion of impenetrability is derived from the fenft 

of 
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of feeling* We move the haod towards a body,. 
and in fituations where morion is not generated, it i^ 
prevented by that body from going forward; from 
which we conclude, that the body pofleffes a part 
of ipace to the exclyfion of every other bodyj that 
is to fay, that it is iiiipenetrable*. 

But, in order to juftify this conclufion, it is 
iiece0ary that we fhould be certain that it is the 
body itfelfi aftually occupying fpace, which refifl:$ 
the prcflurei and of this we cannot be affured, 
fince we obferve many inftances in whic^h bodies 
afford reiiftance to other bodies which move ia 
ipaces at fome diflance from the rc^it^ body* 
Thus, the loadftone, in certain circumftances, refills 
the motion of iron which approaches towards itf 
and there is no doubt* but this refiflaince or repui-* 
fion, if exerted on ^ny part of a man, would afford 
a fenfation fimilar to that which ar.ifes from con* 
tad. If die man had not fight, or S(^mc other fenfc 
to perceive that the relifting body was really diflaiar> 
he would, from the fenfc of touch, conclude that 
the body wa^ in contad with the part perceiving i 
and, if any force he could produce were infufEcieot 
to overcome that refiftance, he would conclude the 
body to be impenetrable. 

Now, by fevcrai experiments, which we fhall 
have occafiAn to mention in the >courfc of this 
work, there is the highcfl reafon to conclude, that 
all bodies exert a repulfive force <m ^ach odicr# 
and that the common effe£ls which are attributed 
to contract and coUifion are produced by this reput- 

fion : 
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fion : And, if foj why not attribute aU tSeSts of 
the fame nacurie to this caufe, ^hich we know cj^Ubsi 
ioftead of fuppoQng an imp^netralMlity that, can 
never be provtd ? 

If tbe foix:e of repulfion be fofficiiently great; k b 
may not be in the power of any natural agent ta 
overcome it, and, confrquently, all the cfFcfts of 
a real impenetrabiltcy will take place, though the 
fiibflance or matter itfelf may not be impenetrable^ 
cir even, extended* 

It is not in Out power to determine, whoiibcr c 
impenetrability or cxtcnfion be eflentially nc-i 
cefiary to caftcnce. For the extcnfion of the 
elements of matter feems Capable of no other proof 
than what may be drawn from their impenetrability 5 
and experiaient cannot decide, becaufe a finidc 
prcffure can only prove the nea^ion. of a finite re- 
finance. 

The qoeftion therefore is, whether it be tnott d 
probable, that the particles of macter are beings 
po(&fled of a finite power of repiiMion, whiclj prc-» 
vents their tnutual aj^roach, but docs not render 
snituai penetration or coincidence in the fame part 
of fpace impoffible, on the application Ckf force 
fofficicnt to overcome that repulfion; or whether 
tliey be impenetrable atoms, which, confequeotly^ 
fnuft refift &ch coincidence with an infinite force J 

Here we.muft attend to the fafts. 'If the rcpul- z 
don cxMitinually increafed a$ the diftance of the 
bodies decreaied, we might conclude that it was 
$he only caufe of the apparent ^impenetrability of 

bodies i • 
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bodies ; butj as in the loadftone^ there is a certain 
fmail diftance at which repulfion ceafcs, and attrac- 
tion takes place, fo in comprcffing bodies together, 
with a certain degree of preflure, the diftance is 
at kngth diminifticd fufficiently for the bodies to 
adhere. The phenomena are probably fimikr ; 
but, at all events, the cohcfion of the parts of 
bodies fhews a mutual attraction ; and it is not eafy 
to explain why the parts Ihould not mutually pene- 
trate and coincide, when the repulfion on which 
their impenetrability was fuppofed to depend has 
fcafed, and given place to attradion. And on 
this account the doftrine. of impenetrable atoms 
would feem the moft probable. 

This deduftion, however, fuppofcs the impenetra- 
ble particles to come into contadt, where attradion 
ha3 taken place. But it is certain they do not. 
For things in abfolute cDntad cannot come nearer 
without penetration, and cold is known to diminilh 
the bulk of bodies ; or, in other words, to bring 
their parts nearer each other than before. This con- 
tradtion is greater, the greater the cold. Without 
enquiring into the nature of cold, we may therefore 
prefume • that the utmoft poffible cold would either 
bring the impenetrable particles into abfolute con- 
tad, or caufc the body to vaniflii by the mutual 
penetration ^f all its elements. Thus, the original 
queftion returns to us, and the only remaining argu- 
ment feems to be If by the firft rule of philofo- 

phizing (6) we are to admit no more caufes of 
natural things than are fufficient to explain the 

phenomena. 
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^Wnomena, and ^c know that a ♦Iphere of repul- 
fion exifts as the proximate caufe of our ideas of 
impenetrability and extcnfionj why Ihould wc add 
to this an extended atom cxiftirig in the center of 
the fphere of repulfion ? 

The quantity of matter in the liniverfe is much g 
iefs than is generally imagined. This truth may be 
deduced from what has Jbcen faid already on this 
fubjcftf but more efpecially from the properties of 
tranlparent bodies. Light pafles through thefe in 
all direftions without the leaft diiEculty. The focus 
qf a burning mirror, w,hich augments the denfity of 
the fun's rays upwards of three thoufand times, 
may be receiv^ed in the bodies of glafs or water, 
without producing any efFeft; fo far are the par- 
ticles of thofe fubftances from impeding the paflagc 
of light. And the bottom of the fea has been dif. 
cerned at a greater depth than fixty feet.^ It feems 
not improbable that the real matter. in a fmall piece 
of glals may bear a Iefs proportion to its bulk than 
that bulk does to the whole earth. 

To render the poffibility of this jnore evident, H 
we may fuppofe a body to be fo conftrufted, as to / 
have as much vacuity as matter; then half the body 
would be vacuous. . And if the particles of which ' 
it is compofed, be conftrufted in the fame man- 
ner ', then the vacuity will become three- fourths of 
the ipacc occupied by the body. Again, let thefe 
laft mentioned particles be cbnftrudted in the fame 
ipanner; tfie vacuity will then be feven-eighths. 

Vol. !• C And 
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And if the feries be carried forward to the tenth 
order of particles, the vacuity will exceed the 
matter one thoufand and twenty-three times. 



CHAP, III. 

OF THE INERTIA, AND MOTION OR REST. 

I 

It is chiefly from the inertia that we obtain a 
knowledge of the relative quantities of matter 
in bodies. The quantities of matter in bodies 
abfolutely fxmilar in compofition, are determined 
by their extenfionj but in diflimilar bodies the 
proportion does not hoJd. Now, in bodies fimilar 
in compofition, we obferve that the inertia follows 
the proportion of the extenfion, that is, by reafon 
of the fimilarity, the proportion of the mafs of 
matter; and from thence,. by applying the propor- 
tion of the inertia to diflimilar bodies, we obtain ^ 
knowledge of their mafles. Thus, for example, 
the quantity of matter in one cubic inch of gold is 
as I,, in two* cubic inches as a, in three cubic 
inches as 3, and fo forth: this we gather from the 
extenfion, and alfo from the inertia, both which, in 
this cafe, follow the fame proportion. But if a 
txHoxz inch of copper be added, though the exten- 
iibn be augmented as i, yet the inertia increafcs 
only as 4 > therefore, either the extenfion or the 
inertia; is not ' the proper meafure of the mafs 5 
and, as we -can more readily admit that, the 

extenfion. 
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^iiftnfiort, or Ipace occupied within the external 
limits of the body, may, by porofity in the bodyi 
<?eafe to be the meafure> than that the inei*tia of the 
ultimate parts of matter Ihould vary ; we conclude, 
chat the quantity of matter is as the quantity of the 
inertia; thoiSgh it muft be allowed that neither 
pofition is phyflcally demonftrable. 

The inertia of matter being that by which it i; 
fefifts any change of ftate with regard to motion or 
reft, is meafured by the force which is required to 
produced a given change j that is to fay, the force 
required to give a certain degree of velocity to a 
^ body at reft a, containing ten parts of matter, is 
five times as great as would produce the fame effeft 
on a body at reft b^ containing two. parts; 

This force in a moving body is called the quan- i* 
tity of motion, or momentum, and is meaiured by ' 
the mafs of matter multiplied by the velocity 5 for 
the whole motion of a body is the fum of the mo-i^ 
tions of all its parts; Therefore, in the laft men- 
tioned inftande, the body a moves with five times 
the force that b moves wi.th^ though the velocity is 
the fame in both^ But if the velocity of b were to 
be augmented five times, the quantities of motion 
would then be equal i ^that of a being exprefled by - 
10, mukiplied by i, and tiiat of b being exprefled 
by 2, multiplied by 5; 

Motbn and reft are diftinguilhed into abfolute 
ind relative. Abfolute motion is the removal of a Af 
body from one part of Ipace to another. Relative n 
motion is a fucceflive change of fuuation with 
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refpcft to another body, though that body may not 
be at reft. - Thus, a maii fitting in a barge m 
motion, is relatively at reft, that is,, with refpeft 
to the parts of the barge : but abfolutcly in mo- 
tion i being removed, with the vefTel, from one 
.part^of fpace to another: Oh the contrary, the 
bargeman, who fixes a ftafF^ in the ground, and 
gives motion to the barge by walking along its 
gunwale, is abfolutcly at reft, for the ftafF againft 
which he leans is fixed \ but relatively in motion, 
iince, with refpeft to the veffel, he walks from 
one end to thie other. But if the earth be fup- 
pofed'in motioft, the abfolute motion of the barge 
and its contents will be compounded of its relative 
motion, together with the abfolute motion of the 
earth.' 

There is another diftindion in motion, by which 
it is called apparent or angular, and which depends 
on an optical fallacy. Thus, to an eye at e, (fig. 
a) a. body which 'moves from c to d, or from f 

ijb G, will apparently defcribe the line a b, though 
the real motions are very different. And if a. body 
move, either direftly towards, or direftly from the 
eye, it will be apparently at reft. It is true, that, 
from other* circumftances, we have acquired the 
habit of diftinguilhing difitrent motions which are 
made obliquely to the )eyej but where thofe cir-. 
cumftances are wanting, as in the heavens, it requires 
no fmaU degree of attention to diftinguifh the real 
from the apparent motion* ^ 

Experience 
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Experience proves^ that the three following laws . 
•re fufficient to account for all the phenomena of 
motion. 

Law L 

Every body continues in its ftate of reft, or of f 
uniform motion in a right line, unkfs compelled to 
change that ftate by forces imprefled. 

For matter at reft^ being endued with no power of 
moring itfel^ wpuld remain fo for ever, unlcls 
impelled by fome external caufe, 

Wc have alfo daily proo6, that a body in mo- 
tion will continue to move uniformly in a right line> 
uhlefs prevented or diverted by (bmc other agents 
The refiftance of the air, and the force of grayityj 
in a (hort rime deftroy the motion of all projedliles, 
which otherwife, by the vis inerriae, woyld continue 
for ever. « 

Law IL 

All change of motion is io proportion to die q, 
force impre^ed, and is made in die Une of diredion 
Jn which that force is impreiled* 

For if any force produces motion^ a double force 
will produce a double quantity, and a triple force a 
triple quantity, whether it be impreffed all at once, 
or by fucceffive impulles. And this morion, fincc 
it always has the fame direftion as the generating 
force, if the body be already in motion, either in- 
creafes the fame, by confpiring therewith, or dimi^- 
nifhes it by oppofition, or is added to it obliquely, 
being compounded with it according to the direc- 
tions of the (WO motions* 

Q 3 J-^ 
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Law III. .i 

I Adion and reaftion are always equal and coa^ 
trary ; or, the mutual adions of two bodies ar? 
always equal, and iii contrary diredions. 

Thus, if a ftone be preffcd by the firlger, the finger 
is equally preffed^ by the ftone. If a horfe drawi 
a ftone, the ftone draws the horfe equally backt 
wards, for the rope is equally ftretched towards 
both. If one body impels another, it will itfelf 
'fufFer an equal change of motion by the reaftion 
in a contrary direftion. If the loadftone attraft 
iron, it is itfelf equally attrafted, and both are at 
reft, when they come together, which could not 
be }f they did not prefs equally. By this means the 
changes of motion^ though not of velocity, arc 
always -equal. 

To illuftrate this yet more, Suppofe .a horfe 
proceeds with a quantity of motion exprefled by 
the number 3, and that it would require a force 
jequal to 2 to move a certain ftone. The horic 
then drawing, proceeds with a force eqiial to i, 
the reaftion of the ftone deftroying as much force 
as the aftion communicates to it. 

Fronj thefe laws the following corollaries are 
cafily deduced, which may be applied to folve all 
the effeds which can be produced by the mecha- 
nical powers. 

Corollary I. 
s A body impelled by two forces ading in the 
diredion of the two fides of a parallelogram will 
defcribe tbe diagonal in (he fanie time, as by the 

adior^ 
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aiSbion of one of the forces, it would have defcribed 
one of che udes. , 

A body at A (fig, 3) would be carried with an 
uniform motion in a given time to b, by the finglc. 
force M impreffed at a; and by the fingle force 
N, impreffed at the fame place, would be carried 
from A to c : complete the parallelogram a b d c^ 
and by the combined forces,- it will be carried in the 
fame time m the diagonal from a to d. For fince 
the force n adls according to the dire&ion of the 
line a c, which is parallel to b dj it will, by 
Law IL in no refpeft alter the velocity of approach- 
• ing to B D, which was produced by the other force; 
Thereforei the body will in the fame time arrive at 
the line b d, whether the force n be impreffed or 
not; and at the end of the time will he found 
fomewhere in the faid line b d. By the farpe man- 
ner of arguing, it will at the end gf the time be 
found fomewhere in the line c d, which muft of 
conftquence be in that place where they interfeft 
each other. Its motion will be in a right line by 
J-aw I. 

Corollary II. 

Hence alfo appear^ the compofition of a direft t 
force A D, (fig. 3.) from any two oblique forces, a b 
and B D, and on the contrary, the refolution of a 
direft force, into any two oblique forces, a b and 

B D. 

The laws of motion being obvious dedu6lioa$ 
from the phenomena .ground us, are confirmed by 

C 4 , every 
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every mechanical efFeft we fcje produced. In the 
Gonfideration of forces, it is very often convenient; 
%o regard them as if compounded of two or more 
forces, as .will be fhewn in the enfqing feftion oC 
this Book. It is clear, that any given motion ov^ 
force 4 d may be produced by any pair out of an 
indefinite number of pairs of forces that may be com- 
pounded together i for example^ a c and a b, or a f 
and A E, or, gener^ly, by a,ny two forces, whofc 
quantity and diredtion ftiay conftitute a paraUelo- 
gram, having a d for its diagonal. In this pardlelp- 
gram are fix things, namely, the ^ireftions of the 
two compounding forces, and of the compounded 
force, and alfo their refpeftive quantities. And if 
any four of thefe be known, the other two may eafily 
be found, by completing the ponftrudlion of th^ 



figure. 



Corollary III. 



y The quantity of motion which is obtained by 
taking the fum of the motions made in the fame 
direftion, or the difference of thofe made in con^ 
trary direftjons, is not changed by the mutual adtion 
of the bodies. 

For aftion and reaftion beigg equal, by Law III. 
(22, r) will therefore occafion equal changes iq 
the motions, but in contrary diredions. Confe- 
quently, if the motions are both made in the fame 
direction, whatever is added to the motion of the 
impelled body muft be fubtrafted froni that of the 
impelling body, and the fum will remain the iame\ 

I But 
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^ut if the bodies meet dircdlly, the quantity of mo- 
tion deftroyed being ,cqi!ial in each, the difFerencc 
pf the motions mad^ iq cpntraiy dirc<Sbions will 
/emain unchanged. 



f: H A P. ly. 

PJF ATTRACTION, CONSIDERED CHIErtY AS A 
^OW£R THAT GENERATES MOTION. 






The force which tends to bring bodies to- y 
gethcr, without any hitherto dlfcoverablc im* 
pulfe, IS called attraftion. Whether the various 
kinds of attraftion that fall under our obfcrvation 
inay be referable to one common immediate caufc, 
cannot yet be determined. The third rule of phi» w 
lofopluzing (6) authorizes us to reckon it among 
the properties of matter j and whether we ftiall ever 
proceed fo far as to difcover, that it is fecondary 
j:o (bme other more remote property muft depend 
.on future refearches. It feems clear. However, x 
jthat it is not deducible from any of the properties 
we have enumerated, (7, b) and confequendy that 
all fuppofitions refpefting the circulation of effluvi2^, 
are mer-e words without meaning. 

The feveral kinds of attraftion are, the attraftion y 
of gravitation, or gravity ^ the attraftion of cohe- 
|ion i the attraction of combination, or chemical affi- 
rityy the attraftion of magnetifm and the attraftion 
pf electrified bodies. Whether thefe be modifica- 
tions 
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tions of one Hniple power produced by variations in 
the figure, dcnfity, jempctature, or other fecondary 
qualities of bodies, is entirely unknown. In this 
place we are to confider only the attraftion of gravi- 
tation as a power that generates or produces motion. 

Gravitation is that force by which bodies fall to 
each other. The vicinity of the earth, which ftrongly 
attrafts every thing to itfelf, prevents its cfFefts- be- 
tween ffpaller bodies from appearing; but the 
attraftion of the mountain of Schehallien in Scot- 
land, upon the ball of a pendulum, was found by a 
very accurate fet of obfervations to be confiderable. 

This power is found to aft on all bodies, at any 
given place, precifcly according to the quantity of 
matter ^in each, which is difcovercd by the vibra- 
tion of pendulums, thus. Let the two unequal 
bodies a and e (fig. 4) be fufpended by threads 
of the fame length, and be let fall at the fame time 
jfrom the points, a and e, in the arcs a c and 
10, which are at equal diftances from the two 
lowefl points d and h. Then the vibrations of 
each will be performed in equal times, and confe- 
cjucntly the velocities will be equal. Whence the 
quantity of motion in each, being the produft of its 
mafs of matter mukiplied by its velocity (19, l) 
will be in proportion to the mafs of matter in each* 
But (21, cl) the force producing motion is in pro- 
jX)rtion to the quantity of modon produced. There- 
fore, the force of attraftion is in proportion to tlje 
quantities of matter in bodies. 

This 
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Thts Hkewifc appears in falling bodies^ all i;vhich b 
being let go from equal heights, how. different fo- 
ever in weight, arrive at the ground in the (amc 
time, that is, with quantities of motion in propor- 
tion to their relpeftive quantities of matter. 

The refinance of the air is not here confidered, 
for the fake of perfpioiity, though it very (enfibly 
impedes ^ motions performed in it. A guinea will • 
arrive at the ground in lefs time than a feather i but 
in the receiver of an air-pump, out of wMch the air 
is exhaufted, they both fall in the fame time. 

Gravitation ac^ls on all bodies at all times, and c 
that equally, whether in motion or at reft, as is evi- 
dent from the velocities of falling bodieis, which arc 
uniformly accelerated during the whole of their 
courfe. That a force conftantly and equally a<5ling, d 
will produce an uniform acceleration of velocity, is 
plain, from the following confiderations. Suppofc 
3 body A, begins to move, by the impulfe of gra- 
vity impreffed at that inftant, with a velocity ex* 
preffed by the number i, the next inftant another 
impulfe will generate a velocity equal to the former. 
It will therefore move with the velocity 2, and at the 
third inftant with the velocity 3, &c. for the preced- 
ing velocities are not in any refpeft diminifl^ed or 
altered by the fucceedingimpulfes (21, q^). If then 
the impuHes are equal, and cquidiftant in time, the 
generated motion .will be uniformly accelerated i and 
the velocity, which in this- cafe may be confidered 
as the motion, for the mafs of matter does not alter, 
will be in proportion tp the time i that is, if the velo- 

3 <^^? 
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city in 5 inftantsr be exprcffcd by 5, that produced 
in 10 inftants will be lo^ &c; This holds good> 
let the number of impulfes in a given time be ever fo g 

great. But the number muft here be confidered as 
infinite, for the force ceafcs not to a<5t for the kaft 
portion of time, and therefore the acceleration con- 
tinues uniformly through every part of the motion. 

The . fpace defcribed by an uniformly accelerated 
motion in a given time, may be conceived to be the 
fum of an infinite number of fpaces produced by a 
like number of uniformly increafmg velocities, 
Thcfe fpaces will be as the velocities by which they 
are defcribed. Therefore, as the fum of the num^ 
bers exprefling the velocities in any given time is to 
the fum of the numbers expreffing the velocities in 
any other given time, fo is the fum of the fpaces, or 
whole fpace defcribed in the firft given time, to the 
fum of the Ipaces, or whole fpace defcribed in the 
other given time. But the fums of the velocities, 
for any terms of time taken from the beginning of the 
motion, are to each other as the fquares of the times. 
For the times uniformly increafing from the be- 
ginning, may be expreffed by the natural fcries of 
numbers, i, 2, 3^ 4, 5, &c. &c. The velocities, and 
alfo the correfpondent fmall fpaces, ipay be expreffed 
^ by the fame feries, becaufe they are both in the iame 
ratio of the times. The whole time of defcription, or 
the fum of the inftants, will be denoted by the number 
of terms, or, which is the fame in this feries, by the 
laft, term. And the whole fpace defcribed, "or fum of 
the Ipaccs, will be denoted by the fam of die terms. , 

Now, 
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Now, all arithmeticians teach, that twice the fum of 
fuch a feries is equal to the number of the terms added 
to unity, or i, and multiplied by the laft term. But, 
becaufe the inftants contained in the given time 
have been affumed infinitely fmall, the number of 
terms in the feries will be infinitely great, and con- 
fequently the addition of unity to the number of 
terms will nqt caufe any finite augmentation. Re- 
jefbing therefore the addition of unity, the double 
fum of the terms will be equal to the number of 
terms multiplied by the laft term, or, in this feries, 
to the laft term multiplied by itfelfi that is, the 
fquare of the laft term ; and becaufe halves are as 
their whoIes> the fum of the terms will be in the fame . 
ratio. But the fum of the terms exprefles the whole 
Ipace defcribed, and the laft term denotes either the 
whole time, or the laft acquu-ed velocity. Whence b 
the fpace defcribed from the beginning of an uni- 
formly accelerated motion is as the fquare of the 
time, or as the fquare of the laft acquired velocity. 
Which was to be proved. 

If the acceleration ceafe at the end of any given k 
time, the motion .will become uniform with the laft ' 
acquired velocity, and the Ipace defcribed in an equal 
term of time will be double that which before ^as de- 
fcribed from the beginning by the accelerated motion. 
For the fpace defcribed in any fingle inftant of the 
time by the laft acquired velocity will be expreffed 
by the laft terrti of the juft mentioned feries : and the 
whole Ipace defcribed will be equal to this fpace 
multiplied by the number of inftants. But the time 

or 
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or number of inftants being equal to the preceding 
time of acceleration, will be expreffed by the num- 
ber of terms, or, in this ferics, by the laft term*. The 
fpace defcribed Will be therefore expreffed by the 
laft term multiplied by itfelf ; that is to fay, it will 
be the double of the fpace defcribed By the accele- 
rated motion in an equal time. 

When it is faid that a number denbtes any mag- 
nitude, it is to be underftood that the number is 

\ 

part of a feries, whofe terms vary in a ratio always 
cojfrefpondent, or equal to the ratio of the magni- 
tudes denoted j that is to fay, the ratio between any* 
two terms of the feries is always equal to the ration 
between the two magnitudes that correfpond to* 
thofe terms. In this fenfe, any magnitudes, how- 
ever unlike, may reprefent each other^ Here fol- 
lows a geometrical demonftration of the foregoing 
propofitions, - in which lines are made ufe of in-^ 
ftead of numbers. 

In the triangle a b c, fig. 5j let the equal divi* 
fions A, i> 2, 3, &o. on the fide a b, feprcfcnt equal 
parts of the time of an uniformly accelerated motion* 
Then the parallel lines, 1 d", 2 e, 3 fi &c. may re- 
prefent the velocides at the fevcral inftants, i, 2, 
3, &c. for they are in proportion to the rimes a i> 
a 2, A 3, &c* And in like manner for any other 
part of the time as a m, the velocity generated will 
be reprefented by its correfpondent ordinate m n* 
And the fum of the ordinates correfponding with 
any part of the time will reprefent the fum of the 
velocities. But the fum of the ordinatesj when taken 

indefinitely 
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indefinitely numerotis, may be conceived to occupy 
the area contained between the ordinates of the firft 
and laft inftants of the time* And thefc areas, 
when taken from the beginning a, are as the fquares 
of the times a i, a 2, a 3, &c, or of the velocities 
I d, 2 e, 3 f, &c. by the property of fimilar figures. 
Therefore the funis of the velocities, and confe- £. 
quently the (paces defcribed in any given terms of 
» time taken ft-om the beginning of an uniformly acce- 
lerated motion, are to each other as the fquarcs of 
the times, or of the laft acquired velocities. Hei;ice m 
it likewifc appears, that the fpaccs defcribed in equal 
lucceflive parts of time, are as the areas containedl^ 
between a and i d, i d and 2 e, 2 e and 3 f, Scc^ 
which area? are to each other as the odd numbers 
I, 3, 5, 7, 9, &c. as appears by infpedlion from the 
number of equal and fimilar fn^all triangles con- 
tained in each. 

Again, fuppdfe the motion at the end of the time if 
A B to become uniform with the laft acquired velo- 
city Bc. Complete the parallelogram bd tc, making 
B D equal to a a, and the ordinates i i, 2 k, 3 1, &c. 
will denote velocities, and confequently fpaces de- 
fcribed. Their fum will exprefs the whole fpace 
defcribed in a time equal to a b, and will be denoted 
by the area b d e c. But this area is equal to twice 
the area a b c. Confequently the fpace defcribed o 
by an uniform motion with the laft acquired velo- 
city, during a time equal to that of the acceleration 
from the beginning, will be double the fpace de- 
fcribed by the accelerated -motion. 

It 
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p It may readily be apprehended that an uniformly 
retarded motion is exaftly the revef fe of a motion uni- 
formly accelerated. For fuppofe a conftant force 
acting againft a body in motions as for example, 
gravity afting againft the motion of a body pro- 
jc6ted direftly upwards, it will deftroy an equal part 
. of the initial velocity in an equal particle of timer 
Now., if thefe equal dedudlions be called unities, and 
be fucceflively taken from any number whatfoevcr, 
till the laft remainder be nodiing, it is evident that 
the feries of remainders will be the natural num- 
bers I, 2, 3, &c. in a reverfed order, and every 
thing that was proved of the times, Ipaces, and 
velocities (a8, f, 30, K),'or of the parts of the 
triangle abc, fig. ,5,, will be true, mutdtis mutandis, 

' that is to f^y, 

<l^ In the fame body in motion, and retarded by ^ 
conftant and equally afting force, the fpaces de- 
fcribcd in coming to reft, are as fhe fquares of the 

Jt initial velocities (29, o. 31, l), or as> the fquares 

S of the times during which they are defcribed : and 
are equal to, half the ipaces, which in an equal time 
would have been defcribed by their relpedive initial 
velocities uniformly continued. 



CHAP. 
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C H A P. V. 

OF THE PRODUCTION, COMMUNICATION^ OH 
DESTRUCTION OF MOTION* 

Motion is produced, deftroyed, or changed t 
In a body, either by the impulfe, coUifion or ftrokc of 
another body in morion. Or oy the force of attraftion. 
Repulfion being immediately the contrary to attrac- u 
rion>' and not being perhaps fufficiently general and 
univerfal (6) to be admitted as a common property 
of bodies, need not be here confidered. 

We do not know whether the diftinflion be- v 
tween impulfe and attraftion be real> and exifting in 
the nature of things, or only relative to the imper- 
feft ftate of our knowledge. The moft obfcrvable w 
difference is, that impulfe is a force which afts from 
place to place, or, in other words, cannot be with- 
out motion: but attradtion can exert itfelf even 
though no motion is produced. 

To exemplify this, fiippofe two bodies to mreet x 
dirc£tly with equal quantities of motion i the cfFe<St 
of the ftroke will be, that the Whole morion will be 
deftroyed, and the bodies will remain together. The 
fbrces will likewife be deftroyed, and the bodies may 
be moved apart ; each with the fame facility as if the 
other did not exift. In this cafe, we have fuppofed 
no attraftion to be exerted by them on each other. 
But let it now be fuppofed, that their motion, inftead 
of being uniform, ^d the confequence of their 
inertia, is produced by a mutual attraftion. They 
come together, and the morion is deftroyed as be- 

VoL. I. D fore. 
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fore. But the force of attraftion, by which thcjr 
were originally put in motion, -remains, and is 

' exerted in prefling them againft each other. 

^ The fmalleft finite impulfe can evcrcome the 
gfeateft finite preffure. For, let any preffure be 
fuppofed to produce acceleration, and the body, 
when in motion, will havg more force than when it 
was merely prefled. In its acceleration from reft, it 
muft pals through every poffible velocity lels than 
the velocity laft acquired. Let the impelling body 
have a momentum exprefled by the product of its 
mafs into its, velocity (19, l). Whatever produdt 
this may be, it is poffible to aflume a period of the 
acceleration of the body prefTed, in which its velo- 
city Ihall be fo fmall, as that its produft into its 
mafs fhall be ftill lefs. And it has already beep 
faid, that the force of mere preffure is yet lefs than 
this. Confequently, it is lefs than that of the- 
impulfe, 

z From this it is inferred, if two bodies, perfcftly 

hard, or unyielding, were to flrike each other with any 

velocity, that they jvould be broken to pieces, provid* 

' ed the cohefion' of their parts were lefs than infinite. 

A But if the cohefion were infinite, it is:prefumed that 
the cortimunication or deftrudion of motion would 

B be inftantaneous. However, there are no fuch 
bodies found in nature,' and very confiderable diffi- 
culties arife in the abftradl reafoning concerning 
them. 

c There appears to- be the fame relation between 
preffure and momentum as between a line -and a 

fur&ce* 
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fiii-face. In fomc rcfpcfts, the firft may be faid to 
generate the latter. Both are capable of increafe or 
diminution, and yet no increafe or diminution of 
the one can produce the other. 

That prcffure, which gravity caufes bodies to d 
exert againft any obftacle interpofed between them 
and the earth, is caHed Weight. We have already 
tak,en notice of its efFeft When free to produce an 
uniform acceleration in falling bodies (26, abc). 
If its power could be increafed or diminilhcd, it 
would proportionally increafe or diminifh the mo« 
mentaneous velocities and fpaces, (2S, e) and Confe- 
quently the whole Ipace paffed through in a given 
time ; tha^ is to fay, conftant forces are as the fpaces s 
pafled through by acceleration in a given "time, or as 
the lafi acquired velocities* 

When the efieft of 'iiny retarding force is confi- r 
clered (31, p)> the force will, in a given .time, be as ' 
the whole fpace defcribed during the retardation, till 
the motion is deftroyed, or as the initial velocity. 

Let two accelerating forces be to each other in 
any ratio, the laft acquired velocities will (35, e) be 
in the fame ratio. Imagihe the kfs motion to be 
continued till its laft acquired velocity becomes 
equal to that of the other,. ^lid the whole time 
(27, i>) will then be to the forme t time as the greater 
velocity to^the lefs, or inverfely as the forces j that 
is, the times required to produce equal velocities o 
are inverfely as the accelerating fprces. But the 
ipaces defcribed in equal times are as the forces 
(25, e). Whence the Ipaces defcribed in any other 

I D 2 \ dmes 



3^ ACCELERATING AnD RETARDING FORCES^ 

times will be ab the forces and the Iquares of the 
times (29, g) jointly. But when equal veloci- 
ties are produced, the fquares of the times will be 
inverfely as the fquares of the forces (35, g). 
Thei*efore the Ipaces in this cafe will be as the forces 
direftly, and the Iquares of the forces inverfely, or 

H inverfely as the forces ^ that is, the Ipaces pafled 
through in producing equal final velociries ar« in- 
verfely as the accelerating Jforces. 

I When the effeft of a retarding force is confidered 
(31, p) the fpaces pafled through in dcftroying 
motion are inverfely as the retarding forces, when 
the initial velocities are equal. 

K If a body be afted upon by a conftant and in- 
variable force, and its ;mafs be either inci-eafed or 
diminiflied, without altering the force, the efFe6l will 
be the fame with rcfpedt to acceleration, or retarda- 
tion, as if the force, without changing the body, 
were diminilhed or increafed in the inverted ratio of 
. the mafs. For the force being^fuppofed invariable^ 
will always produce or deftroy the fame quantity of 
motion (21, O in ^ given time. This quantity 
will be;, meafured by the produft of the mafs into 
the velocity (19, l). And that this produft may 
continue unaltered, it is neceflary that the velocity 
fhould diminifh in the fame proportion as the mafe 
is increafed, and the contrary. 

L A body impinging with different velocities on 
tallow, tlay, timber^ and fome other fubftances> 
penetrates to depths in the fame fubftance which are 
as the fquares of the initial velocities. Whence it 

follows. 
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follows, (3 2, O rfi^t thefe fubftances oppofe a con- 
ftant and invariable force of retardation againft the 
motions of giv6n bodies. 

Suppofe a body to impinge on an uniformly re- . 
filling fubftance, if the initial velocity vary only, it 
will penetrate to depths which are as the Iquares of ' 
the velocities (32, q^). But if the mafs (not magni- 
tude) vary only, the confequence will be the fame as 
if the retarding force had varied in the inverted ratio 
of the mals (;i6M k). And the depths or fpaccs will 
be inverfely as the retarding forces (36, i) ordireAly 
as the maflfes : confequendy, if both the mafs and m 
velocity vary, the depths :ivill be in the compound 
ratio of the maffes and the fquares of the velocities. 

The dilpute concerning the meafure of forcesy n 
which divided the philofophical world for con{i-< 
derably more than half a century, was founded on a 
partial confideration of the effects of coUifion. The o 
queftion agitated was, whether the forces of bodies 
in motion ought to be meafurcd by the mals of 
matter multiplied by the velocity, or by the mafs ^ 
multiplied by the fquare of the velocity. The for-^ 
mer affirmation was called the old opinion, and the - 
latter the new opinion. 

Neither of thefe opinions are fufficiently general p 
to apply to every cafe of motion, neither are they 
repugnant to each other, as the contenders for each 
infilled. The chief argument urged by the main- a^ 
tainers of the new opinion was, that fpheres of equal 
magnitude, but of different weighty, being let fall 
into tallow, froxn heights that were ijfverfely as th? 

D 3 ^ weights. 
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weights, made pits of equal depths in the fame, 
Now, faid the difputants, equal caufes arc thofe 
which produce equal effects j the forces of thefe 
bodies at their impaft on the tallow muft be equal^ 
as being the caufes of equal effefts, namely, the 
pits in the fame fubftancc. But the fquares of the 
velocities of the impacts are (a 9, g) as the heighcs 
from whence the bodies fall, or in this cafe inverfely 
as the weights of the bodies. TJierefore the pro- 
du6t of each weight or ttiafs into the Iquare of its 
velocity is equal to the produft of the other weight 
into the fquare of its velocity, when the pits, or, as 
it is aHirmed, the forces, are equal. 
n All this is true, when it is confidered as a mere 
explanation ' of the meaning of the word force, 
which, if underftood and applied in this fenfe, will 
s not be produftive of error. But when the above is 
intended to ferv^ as a proof that the aftion of a 
^ody in r^otion cannot be meafured by the mala 
multiplied into its velocity, it becomes neceflary to. 
obfervc, that the pit in the tallow being equal ta 
another pit, does not prove that they were made by 
T equal powers or forces. For powers cannot be faid to 
be equal, unlefs they produce equal efFefts in equal 
timesi it being eafy to imagine, that a weaker 
power continued for a longer time may produce an 
efFedt equal to that of a power of greater intenfity, 
u though of Icfs duration. And it is evident, that 
thefe pits are not defcribed in equal times ; for they 
are equal to half the fpaces which would have been 
defcribed with their rejpeflive initial velocities uni- 
formly 
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Ibrmly continued (3 a, s) in the rcfpedlivc times of 
defcription. But the initial velocitJes would dc- 
fcribe fuch equal fpaccs in times which are invcrfely 
a^ the velocities themfelves. And. it has been al*- v 
ready feen, that the refult of the prefent expcri- 
ment is an eafy confequence of the properties of 
retarded motion, confidered joindy with that de- 
finition which affirms the force or quantity of 
motion in a body to be as the produA of the m^f^ 
into the velocity (37, m). 

The confideration that moving bodies penetrate w 
obftacles to depths which are as the niafs of the 
body multiplied by the fquarc of its velocity, i$ 
of great ufe in almoft every circumftance of thi$ 
kind. It follows from hence, that (he depths to % 
which a body of given magnitude will penetrate 
into any fubftance, may be varied to infinity, with- 
out changing the quantity of motion, l^ov thq 
depths will always be greateft when the velocity 
is greateft (37, m)s and the qyaptity of motion, 
or product of the .mafs into the velocity, will not 
be changed, if the mafs be diminifhed proportions- 
ally while the velocity is augmented, and the con-? 
trary. 

Thus it is (hewn, that a fmall hammer, having y 
the fame ftriking furface and quantity of motion, 
will do n)ore work at ^ blow than a large one. 
The driving of nails, or of piles into the earth, 
/fellows .nearly the fame law, though in the inftance 
pf the engine for driving piles by the fall of *^ 
weight, nothing (37, O would be gained by lefr 

P 4 fening 
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fcning the weight and niifing it higher: beauft; 

from the property of the mechanical engines, the 

heights to which weights can be mfed iti a given 

time are inverfcly as their weights. 

z When a body in motion ftrikcs another at refl^ 

it does not communicate the utmoft quantity of 

motion to this lafl, . until its whole adion has been 

exerted, which, "if it penetrates, is not until it has 

either penetrated to its utmoft depth, or paffcd 

A through. Hence a projeftile may pafs thrdbgh an 

obftaclc without communicating any conGderable 

quantity of its motion, provided the obftacle be 

confidcrably lefs thick than the depth to which the 

projedtile muft have penetrated by its whole effort, 

9 This is exemph6ed in a piftol-bullet Ihot agdnft a 

door let open, through which it pafTes wichoiit 

communicating motion enough to overcome the 

fridion of the hinges; whereas a large piece of lead, 

having the fame momentum, inftcad of penetrating, 

carries the door before it, even though the ftriking 

part be a prominence no larger than the birilet in 

the former cafe. 

c The different effects of motion, according as the 

velocity is greater or lefs, is fhewn likewife in the 

vulgar experiment of breaking a ftick, whole ends 

reft on two wipe glaffes. Fig. 6. Let the two 

wine-glafles a, c, be filled, and Jet the ftick a c be 

"laced with its ends refting on the two inner edges, 

I in the figure, Then, if a quick blow be ftruck 

jwnwards, on the middle part b, the ftick wDl be 

rokcn afuiider, without difturbing either the glaffes 
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or their contents. In this experiment the two pieces 
AB, B c, arc made to revolve on the points e and d, 
fo that the pomts a and c rife up inftead of prefling 
the edges of the glaffes. On this account, if the 
blow at B be ftruck underneath inftead of above the 
ftick, the glafles will be broken. 

That power or property by which a body re- d 
covers its figurCj after it has been changed by any 
external aflipn, is called elafticity. 

If a body ftrike another at reft, and one or both E 
of them yield inwards, or change their figure, the 
latter body will gradually, during the time of 
change, pafs through every poffiblc velocity from 
reft or nothing, to that which is expreflcd by divid- 
ing the quantity of motion in the ftriking body by 
the fum of the two bodies (19, l 24, u); at 
which laft inftajnt both bodies will have the lame 
velocity, and will proceed uniformly together, pro- 
vided neither be elaftic. 

But if both bodies be perfedly elaftic, they will f 
yield inwards, and the gradual change of velocity 
will obtain as before, till the inftant of the utmoft 
yielding, at which time both will have the fame 
velocity. But the elafticity being fuppofed perfeft, 
both bodies will" recover their figure with a force 
equal to that by which it was changed. The ac- 
tion of the elaftic force being cohtrary to that of the 
former ftroke, will caufe the two bodies to fepa-# 
rate with the lame relative velocity as they before 
came together. That is to fay, the ftriking body 
witt lofe twic^ ^& much motion as it would have 

loft 
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loft by a fimilar coUifion without clafticity, and 
the body ftruck will in like manner gain twice as 
much. Confequently the ftriking body, after the 
coUifion, will either proceed forward, remain at 
reft, or be rcfleftcd back, according as its maSs is 
greater, equal to, or Icfs than that of the body 
ftruck* 

H The experimental methods of illuftrating the 
theorems relating to motion have been made, for 
the moft part, on penduloas bodies, or on bodies 
let fell, cither along inclined planes, or in the 

J open air, Mr. John Whitehurft, F.R. S. has 
contrived an inftrumcnt for mcafuring the time a 
body employs in falling through a given Ipace. Its 
chief advantage confifts in meafuring, to an accu- 
racy, confiderably beyond the reach of the fenfes. 
The fenfe can with difficulty divide a fecond into 
twelve parts fo as to reckon them: but this in- 
ftrument divides i? iqfo one hundred. A hand or 
ind^x, connedted with wheel work, is made to re- 
, volve uniformly in a circle divided into one hundred 
equal parts, each revolution being performed in one 
fecond. The regulator of the motion is a, fly, 
whofe leaves may be fet fo as to difplace a greater 

, or lefs quantity of air, accordingly as the inftru- 
ment is required to go flower or fafter \ or the fame < 
adjuftment may be more accurately obtained by alf 
tering the weight that gives motion to the wheels. 
By the conftruftion of the inftrument the body is let 
go at the beginning of a revolution, and atthe end of 
its fall it ftrikes another part of the mechanifin, that 
inftandy ftops the hand, or index* 

Mr, 
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Mr. G, Atwood, F. R. S. has invented an in- ^ 

ftrument for, mcafuring the fpaccs paflcd through 
in a given time by a body in motion, whether that 
motion be accelerated, retarded, or uniform. It 
confifts of two cylindrical boxes, fufpended at th« 
ends of a fine filk line that paflc? over a wheel or 
pulley. The axis of the pulley refts on the cir- 
cumferences of four other wheels, fo that the cfFeft 
of fritftioh is fcarcely fenfible. If the two boxes be 
equally loaded^ the weight of the one will counter* 
poife or deftroy the efFeft of the gravity of tha 
other* The two boxes with their contents, toge- ' 
ther with part of the pulley, may, in this cafe, be 
conlidered as compofing a ma(s void of gravity. 
Let any weight be added to one of the boxes, and as 
phis weight is at liberty to move, it will be uniformly . 
accelerated by' the conftant aftion of gravity (a7^ 
b) : but by the conftruftion of the inftrumcnt, it 
muft give an equal velocity to the whole mafe be* 
fore mentioned, which, therefore, may be faid to 
be an increafe of its mafs, while the moving force 
remains conftant. The fpaces paffed through in a 
given time by the body will, therefore, be to the 
ipaces it would have paflfed alone by the fame aftion 
of gravity, {^^y k. 35, e) as its own mafe or 
weight is to the whole. mafs in motion. By this 
happy contrivance, the Ipaces paflcd through by 
acceleration or ptherwife, in a given time, are ren- 
dered Ihort, and eafy to be obferved with preci- 
fion. For this intention there is a chronometer 
beating feconds added to the inftrument, and a 
graduatctj rule near pne of the boxes, with a 

moveable 
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moveable ftage^ to limit or terminate the mo* 
Oon*, 



CHAP. VI. 

OF TH£ ATTRACTION OF COHESION^ ANI> OF 

SPECIFIC ATTRACTIONS. 



L The attraftion of cohefion is that force by 
which bodies or their particles adhere to each 

other. 

M It is demonftrated, that if the forces by which 
the particles of bodies tend towards each other de- 
creafe in the proportion of the fquares of their 
diftances, the attraftive force of two fphercs com- 
pofed of fuch particles, will be governed by the 
fame law; relation being had to the diftances of 
their centers: and confequently, it will not be 
fenfibly greater when they are in contaft, than when 

N they are at a fmall diftance from each other. But 
if the firft mentioned forces decreafe in the pro- 
portion of the cubes of their diftances, or in any 
greater proportion, the latter will decreafe after* a 
much higher rate, and the bodies, when in con- 

• This inftrument, and its various ufes, are defcribed at large 
by the inventor, in ** A Treatifc on the reftilincar motion and 
•* rotation of bodies." *' 

taft, 
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ta£t. Will attraft each other very much more for- y 

cibly than when feparatfcd at the Icaft diftance from 

tach other*. ^ 

The firft of thefc attradtions is gravity, as. is o 

evinced by its adlion on the planetary bodies, and 
ihe latter appears to be the attraftion x)f cohefion, f 
for its force is vaftly lefs at the leaft diftance, than at 
die place of contaft* 

In confequcnce of this law, levcral dedu6Honi 
are made, which are found to agree with the phe- 
nomena of this latter kind of attrafbion, as, 

Thofe particles which are pofleffed of large fur- q^ 
faces of contaft, adhere moft ftrongly together, and 
form bodies which are called hard. 

Thofe particles which touch each other in few A 
points, compofe bodies which are foft or fluid, on 
account of the fmall force with which their parts 
adhere together. 

And hence probably the elafticity of fome bodies s 
may be explained i for it feems to depend on the 
cohefive force which reftores the particles to their 
firft relative fituarion, when by any external im- 
pulfc, they have been removed to a very fmali 
diftance from each other. 

Many difcoveries remain for the iriduftry of fu- t 
turc philofophcrs to make contreming this very 
powerful agent in nature. 

By this power the drops of all fluids afliume a u 

round form, and poliflied plates of metal adhere 



* Princjpia I. 76. — L 86. 

together 
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together with a prodigious force. This laft is exertir^ 
V plificd by paring a fmall part from each of tw(> 
leaden bullets, and prefling the furfaccs together 5 
in which cafe, with a fiirface of contaft not ex- 
ceeding the twentieth part of a fquare inch, it will 
frequcndy require the force of loolb. to feparate 
them* 
w By this power alfo it is> that liquids rife intor 
the fubftancc of bread, fponge, and other porous 
bodies i and are fuftained in open capillary tubes 
a confiderable height above the level. This height 
is in jhe reciprocal proportion ^ of the diameters of 
the tubes. 
X Two plain glafs plates, fig. 7. touching each bthei* 
at the line a b, and feparated at cd, by a fmall 
obftacle k, being placed in the veflel of water 
£FGH, the water rifes between them to the line 
u I A, which is ah hyperbola. 

Let two plain glafs plates a b c d, fig. 8, be lightly 
moiilened with oil of oranges, and placed one upon 
die other, fo as to touch at the line a b, being kept 
feparate at c o> by the fmall obftacle l interpofed. 
In this fituation let them be placed in the horizontal 
box, EFGH, the part cd refting on its bottom, 
and the other part towards a p, refting on ^ the 
upper end of the perpendicular fcrcw ik, which 
is fixed in the box for the purpofe of raifing the 
plates to any defired angle of elevation. Then a 
drop of the above mentioned oil being applied in 
the opening cd, will be attraded by the two 
plates, and will proceed with an accelerated mo- 
tion 
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tion towards a t, if the plates arc kept in an ho|i« 
zontal pofition. But if the end a b be raifed by 
means of the fcrew^ to a confiderable anglcj the 
drop will remain fufpended in its courfe fomewhere 
between c d and a b> fuppofe at n> and if the ele* 
vation be encreafed^ it will return tp^yards c d> its 
weight overpowering the attraction of the plates. 

Now, fince the weight of the drop contipues 
imaltered, it will not be difficult to find its ten- 
dency to return, or that part of its weight which • 
is exerted in the inclined defcent. For the pro* 
pordon between that part and the whole, is as the 
height of the plane to its length, as will hereafter 
be fhewn. And fince the two powers^ namely, 
the attraction by which the drop tends upwards, 
and* that part of its weight which is exerted in the 
contrary dire£Hon» are equal when it remains fuf- 
pended, the meafure or quantity of the one will ^ 
exprefs the meafure or quantity of the other. By 
tbefe means it is eafy to determine the attractive 
force ; which is found to increafe in the reciprocal - 
proportion of the fquares of the diflances of the 
middle of the drop, from the end where the plates 
are in contaft. That is, fimply in a reciprocal 
proportion, becaufe the drop enlarges- its fur&ce 
as the fpace becomes narrower; and again, fimply 
in a reciprocal proportion, becaufe the attraction 
increafes, the nearer the plates approach each, 
other. 

This cohefive attraction extends to an extremely z 
irnall diflance from bodies, and where its power 
2 tcr- 
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terminates^ repuUion takes place^ of which we (half 
fubjoin a few inftances. 

A All hard bodies require a conliderablc force to 
bring them into contad^ as appears by compre&ing 
a convex lens and plane glafs together, which ex- 
hibit different appearances at the very point of fup- 
pofed contaft, according to the difFcrejit degrees of 
compreffion. ' This is likewife flrewn from the paf- 
ia^ of the eledric matter through metallic chains. 
*Of which more hereafter; 

B When it rains on the furface of a veflel of water, 
fmall drops may frequendy be feen running in all 
direftions, which do not mix with the reft of the 
water for feveral feconds. 

c Hence likewife it is, that a body Ipecifically hea- 
vier than any fluid may be made to fwim on its fur- 
fece; for, if a quantity of the fluid be difplaccd by the 
repulfion equal in weight to the folid, it will not fink* 

D Dry needles or thin plates of metal fwim on 
water, and form cavities of a curve lined form, ex- 
tending to a confidcrable difl:ance from the body. 

E Let A c B, fig. 9. reprefent the leftion of a veflel 
of water, on whofe (iirface a b is laid two circular 
plates of tinfoil, on each of 'which is placed a finall 
curtain ring, or fame fuch body, to cncreafc its 
weight, and caufe it to fink ferther * beneath the 
furface. By this means they may form two cavities 
about one-tenth of an inch deep, and extending half 
an inch every way from the circumferences of the 
plates. If they are brought within the diftahce of an 
inch froni each other, they will ru(h together with 
an accelerated motion. 

Things 
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Things remaining as in the laft experiment, let r 
D and Ji, fig. 1O3 be two pieces of wet cork of the 
iame dimenfions; the water then> by adhering to 
their fides, may form a curve lined protuberance^ 
extending about half an inch from their circuaife« 
rences, and when they are brought within an inch of 
each other, they will rufh together as before. 

Thefe appearances are eafily accounted for, by o 
confidering, that adion and reaction are equal The 
plate of tinfoil, by its repulfion, afts on the water, 
and prevents its filling the cavity, and the water by 
its weight reads on the plate ; but as this reaction is 
the feme on all fides, no modon is produced. But 
when the two plates af^oach each other. near 
enough to unite their repulfiye aftions, the weight 
of die water between them being diminifhed by the 
depreffion, its readion is lefs than that which pre* 
vails on the oppofite parts of the circumferences: 
confequendy they move in the diredion of the greater 
^preSCurCj that is> towards each other. 

In the latter cafe, the readion is in a contrary h 
diredion, being oppofod to an attradive, inftead of 
a repulfive force: for the reafUon of the water en- 
deavouring on all fides to return to its level, pro* 
duces no motion, becaufe its height is the fiune at 
eqiml di^nces all round But when the two attrac-^ 
dve powers are, by bringing the bodies nearer, made 
to ad on the fame water between them, it is raifed 
higher above the common fur&ce, and coniequendy 
reads more ftrcmgly on that fide; whence die bodies 
Vol. I. E rufli 
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rufti together, as in the former cafe*. A depn 
•of the furface between the two corks will, bi 
iTiinifhing the quantity of water, occafion the^ 
recede from each other. 

It is not yet decided whether the attraftioj 
cohefion, or the power by which bodies retail 
aggregation of their parts, be one and the fame 
the attra&ion of combination, or chemical ai 
But as far as experiment has yet extended onii| 
fubjeft, there is realon to. believe that they. ar^^j 
cfFedts of different powers. • 
: When the rational method orphilofpphizing i 
obfervation and experioient was lefs knowft 
efteemed than it is at prefent> many obje6i:iohs w4 
made to the admitting attradlidfi as a general c^\ 
Among others, it was feid to be a revival of 
trifling philofophy of occult caufes. But nojtbi^ 
can be more inconfiftent and abfurd than to compai 
that philofophy, which deduces: general laws froJ 
the obfervation of phenomena, with the CQUipenr 
dious method that vanity has^ invented td dilguife €i 
conceal human ignorancci by referring paf-ticularj 
fafts to occult caufes. The laws of matip% thp cx- 
tenfion> the inertia, the refiftance, and the attraftion 
of matter, are deduced in the fame, banner ; and if 
the caufes of thefe be occult or unknown, it is not 
that philofophers are unwilling, but bccaufe they 
have not yet b^en able to difcover them, or becaufe 
fbme of them are, perhaps too, fo fimple, as to be re- 
ferred to any other caufes which our fenfes are adapted 

to 
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to'dilcern. Nothing, however, can be clearer, than 
that the exiftence of an agent or caiife may be known, 
though it may itfclf arife from fome prior caufe of 
which we are ignorant; and it is enough that ac- 
tra6tion really exifts and afts according to eftablifhed 
laws, to juftify philofophers in admitting it in their 
explication of natural appearances. 
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SECT. II. 

O^ Bodies in Motion. 



CHAP. I. 

OF THE MECHANICAL POWBKS. 

( 

When two heavy bodies or weights are made x. 
by any contrivance to a&, agsinlt each other9 fo 
as mutually to prevent each other fronr being put 
into motion by gravityy they are faid to be in equi* 
librio. The lame expreffion is ufed with relpeft to 
other forces, which mutually prevent each other 
from producing motion. 

Any force may be compared with gravity, con« m 
fidered as a ftandard. Weight is the aftioa of gra-^ 
vity on a given mafs (^35, d). Whatever therefore 
is proved concerning the weights of bodies will be 
true ih like circumftances of other forces. 

Weights arc fuppofed to a6t in lines i)f direftion h 

parallel to each other. In fa£i:, thefe lines are direded 

• to the center of the earth, but the angle formed 

between any two of them within the fpace occupied 

hy a mechanical engine is fo fmall, that the largeft 
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and moft accurate aftronomical inftrumcnts arc 
fcarcely capable of exhibiting it. 

The fimpleft of thofe inftruments, by means of 
which weights or forces are made to aft in oppofi- 
tion to each other, are ufually termed Meohanieal 
Powers. Their names are, the Lever, the Axis and 
Wheel, the Pulley or Tackle, the inclined Plane, 
the Wedge, and the Screw. ' 

In the theoretical confideration of thefe fimple 

inftruments, the parts they are compofed of are 

imagined or fuppofed to poffefs no other properties 

than thofe which conduce to the purpofe of their 

conftruftion. Thus, they are all fuppofed to be, 

without weight or inertia, and to move without 

friftion. .Many of thefe parts are taken to be 

mathematical lines, fome perfeftly inflexible, and 

others perfeftly flexible,, reprefenting ropes., And 

thefe fuppofitiohs are allowable, becaufe they imply 

nothing more than that the reafonings relate only to 

abftraft notions or perfeft inftruments; and it. is con- 

fequently no more to be urged that there are no 

perfeft ' inftruments, than that there are no perfeft 

mathematical figures, at leaft that fenfe is able to 

' difcover or diftinguifh. For the difference between 

theory and praftice is , in fome cafes inconfiderable, 

arid may in general be allowed for without much 

difficulty, from the general principles of mechanics, 

when once cftabliftied. 
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' ' C H A P. II, 

OF THE LEVER. 

* ■ 

The lever is defined to be a moveable and in- q^ 
flexible line, afted upon by three forces, the middle 
one of which is contrary in direftion to the other 
two. 

One of thefe forces is ufually produced by die r 
reaftion of a fixed body, called the fulcrum. 

Let AC (fig. 1 1) reprcfcnt an horizontal lever at s 
jeft. At the point b, equidiftant from a and c, ia 
placed the fulcrum d, and at the extremities a and 
c are hung the equal weights e and f. . Xh^n the 
lever will continue at reft, the weights e and f 
being in equilibrio. For it is evident, that if the 
line a c be moved on the fulcrum b, its extremities 
A and c will each be carried with equal velocities in 
the periphery of the fame circle. And becaufe a c is 
horizontal, the aftions of the weights e r will be in 
diredtioh at 'right angles to its length : that is to fay, 
they will aft in the diredion of tangents to the faid 
circle at the f)oints a and c ; or they will aft ui the 
dircftion of thofe particles of the periphery, which 
may be imagined to coincide with the tangents. 
Each preffure therefore tends to moye the corre-. 
fpondeht extremity of the line a c in that very line 
of diredion in which only it can move. Suppofe 
the preflur6 at c to be removed, and the whole 
preffure at a will be employed in deprefling the 
point A, or, which is neceffarily • in this cafe the 

E 4 fan)e. 
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fame, in raifing the point c : on account therefere 
of the equal velocities of the points a and c, the 
a6tion of £ at the point a will be the fame as if 
it werd exerted at c in the dire&ion of the tangent 
c G« But again, fuppofe the equal weight f to be 
reftored, and die point c will then be a^ed on by 
two equal and oppofite forces, which, deftroying 
each other's efFcft, will not produce motion \ con- 
fequemly the lever will continue at reft. 

T It is likewife e\ddent, that if the radii a b and b c 
be not in a right line, the equal forces will never- 
Aelefs be in equilibrio, if they be applied in the 
diredlions of die tangents : thus, if b c be bent to 
^e pofidon 3 k, and the force f be there applied in 
the diredion k h, the equilibrium will remain as 
before. 

u If two contrary forces be applied to a lever at ^ 
unequal diftances from the fulcrum, they will equi- 
ponderate when the forces are to each other in the 
reciprocal proportion of their diftanccs. For, 

T Let AC (fig. 12) reprefent a, lever, whofc radius 
ab is three times as long as bc. ^ At a is &£- 
pended the weight e of one pound, and at c is 
fufpended the weight f of three pounds. Then, I 
fay, thcfe weights will equiponderate. With the 
radius b a defcribe the arc a k, interfefting c f at k. 
Draw the line b k, which may reprefent another 
arm to the lever j and it will be evidendy qf no 
confcqucnce, whether the thread c r bo fattened at 
c or K ; conceive it therefore to be faflened at k, 
and to adb on the arm bk. Let a g reprefent the 
force of B, and k f^ being three dmes as long, will 

reprefent 
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fqntlcnt the force of f« This force nr may be 
rdblvcd (239 t) into two others, k i in the direc- 
tion of B K, and K H in the direftion of die tangent, 
and their quanddes are determined by dra^g the 
lines F H and f i, paralld refpedively to k i and k h. 
Nowj K I has no effe£t in moving the arm b lu It 
is the force k h alone that tends to produce modoQ 
towards h. The triangles b c k and k h f are fimU 
kfj dierefore, bk:bc: :kf2Kh« But b k : b c, 
as 3 to i> whence the force k h is 4 of kp, as is 
likewife AG by the condidon. Coniequcndy hk 
and A o are equal, and being applied at the end of 
equal arms a b, b k, will be in equilibrio (56, t), 
which was to be proved; and the conclufion will be 
the fame, when the weights are to each other in any 
odier rado, provided the arms of die lever a b and 
. b c be reciprocally in the fame proportion. 

By die refoludon of force it appears, that if two w 
contrary forces be applied to a flrait lever at difbui-* 
ces fiom the fulcrum in the reciprocal proportion 
of their quantities, and in direAions always parallel 
to eath other; the lever will refnain at refl in any 
polidon. 

For, let the forces, ae, c f (fig. 13) be refolved: x 

A 2 mto G £ parallel, and o a perpendicular to a c 1 

and c f into h f parallel, and c h perpendicular to 

a c ; and the forces, which tend to produce motion, 

will in all pofitions be to each other in the ratio of 

the forces applied; i. e. A e : c f : : a g ; c H, the 

triangles age and c h f being fimilar. 

Many 
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y Many curious and ufeful efF«fts may be produced 
by levers, ' whofe arms are bent into an angle ; but 
» the limits of this work do not permit us to enlarge 
upon them. 

z It is evident, that all whidi has been faid concern- 
ing the lever is equally true, when the contrary 
forces are applied on the lame fide of the fulcrum. 

A On the lever a b, (fig. 14) if the weight e of one 
pound be applied at a, and the weight f of three 
pounds at c, fo that their diftances a b and c b, from 
the fulcrum b, may be as three to. one, they will 
equiponderate 3 which is proved by applying the 
reafoning at fig. 1 2 to the prefent figure. 

B Since, of the three forces which aft on a lever, 
the two which are applied at the extremes are always 
in a contrary direftion to that whicb is applied in 
the fpace between them ; this laft force will fuf- 
tain the efFefts of the other t\Vo : or in other words, 
if the fulcrum be placed between the weights, it will 
be afted upon by, or will fuftain their fum ; but if the 
weights are on the fame fide of the fulcrum, it will be 
afted upon by their difference, 

c On the principle of the lever are made, fcaleS for 
weighing different quantities of various kinds of 
fubftancesj the fleelyard, which anfwers the fame 
purpofe by a fingle weight, removed to diffe- 
rent diflances from the fulcrum on a graduated 
arm, according as the body to be weighed is more 
or lefs in quantity; and the bent lever balance, 
which, by the revolution of a fixed weight, increaf- 
ing in power as it afcends in the arc of a circle, 
3 indicates 
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indicates- the weight of the counterpoife. abc 
(fig. 15) is a bent lever, fuf^orted on its axis or 
fblcrum b in the pillar j h. At a is fufpended the 
fcale E, and at c is aiExed a weight : draw the hori- 
zontal line K G through the fiilcrum, on which, 
from A and c, let, fall the perpendiculars ak and 
c D ; tfiirn if B k and B D are reciprocally in propor- 
tion to the weights at a and c, they will be irt equi- 
librio, but if not, the weight- c will move along the 
arc F G, till that ratio is obtained. It is eafy to gra- 
duate the plate f g fo as to cxprefs the weight in e 
by the pofition of c. 

The beam of the common balance is ulually a bent e 
lever, with equal arms. Its property of coming to 
reft in an horizontal pofition, when the extremes arc 
equally loaded, is a confequence of its being bent, or, 
which is the fame thing, of its f jlcrum being above 
the line, joining the two points on which the fcales 
are iiifpended. For it is evident, (fig. 16) that there 
is but one pofition in which the lengths of the arms 
A B, B c, referred to the horizontal line d e, can be 
equal, and that is when the points a and c are on 
the famelevel. 

Balances that move with very litde friftion on the f 
fulcrum, and are exactly equibrachial, are highly 
valued. But this laft property is of lefs importance 
than is commonly imagined. . For, if two balances 
be equally f^nfible, and. one of them not equibra- 
• chial, it is certain, that if the ftandard weight be 
placed in one of the fcales of this laft, and counter- 
poifed, and the ftandard weight be afterwards re- 
moved. 
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movtdji any other body fubftituted in its place will 
have exactly the fame mafs^ if it be in equilibria 
wit^che coBnterpoife. In &&, this is the beft method 
of weighipgi when great accuracy b reqiured Or if 
the weights be always put into one fcale and the 
. quantities into the other^ thefe laft will be propor* 
tkrnally ^e amckng each other> which is quite 
fufficidM in all philofophical experiments. 
G On diis principle alfo depends the motions of 
animals> the overturning or lifting great weights 
by means of iron levers called crows^ the aSion of 
nutcrackerii pincers^ and many other inllrumems 
of the fam« nature. 

CHAP. III. 

OF THIt AXIS AND WHEEL, AND OP THE PULLET 

OR TACKLE. 

H Thi axis and wheel may be confidered as a 
lever, one of the forces being applied at the cir- 
cumference of the axis, and the othier at the cir- 
cumference of the wheel, the central line of the 
axis being as it were the fulcrum. Fig. 17 is 
^ pcrfpeftive view of the inftrumerit, and fig. 18 
is a fedbion of the fame at right angles to the 
axis. Then, if a b, the femidiameter of the axis, 

• be to B c, the femidiameter of the wheel, recipro- 
cally as the power e is to the power f, the firft of 
which is applied in the dircdion of the tangent of 
the axi5, and the other in the direfbion of the 
tangent of the wheel, they will be in equilibrio 

(j6, u). 
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THE PULLEY AND TACKLE* €i 

For A c majr be concetvtd to be a fever, 

:rum is b^ and whofe forces applied at 

are in the recipnK:al proportion of their 

idm power may be referred die capftan or i 
jplby which weights are raifed, the winch and 
drawing water out of wellsj and mim- 
^odicr machines on the fame principle, 
pulley is likewile explabed on the prin- k 
die kver. The Ime a c (fig. x^) may 
»yed to be a lever, whole arms a b and eg 
iidtftant from the fulcrum b. Conlequendy 
equal powers e and f, appUed in the di- 
of the tangents to die circle in which the 
les are moveable, ^ will be in equilibrio 
And the fulcrum b will fui):ain both 

in fig. 20 the (ukrum is at c, therefore a t 
force at e will foftain in equilibrio a double 
at Fj for in that proportion reciprocally are 
diftances from the fblcrum (56, Vi 58, 2). 

appears, that confidering e as a forces u.^ 
as a wdght to be ndfed, no tncreafe of power 
;d when the pulley is fixed, as in fig. 19; 
ftfaat a double increafe of power \^ gained when 
fliuDey moves widi the weight (fig. 20). 

ombination of puHeys is called a tackle, and n 
containing one or more pulleys, is called a 
:k. 

D B (f^. 21) is a tackle compofed of four pul- o 
»i two of which are in the fixed block a, and 

the 



6l THE TACKLB. . 

the Other two in the block b that mpves with the 

p weight F» Now, becaufc: the rope, is equally 

Wretched throughout, each low.er pulley will be 

afted upon by an equal part of the weight: and^ 

becaufe in each pulley .that moves with the weight 

a double increafe of power is. gained j the force 

by which f may be fuftained wil}, he equal tp half 

the weight divided by the numJD^r of lower pulleys. 

That is* as twice.. the number of lower pulleys is to 

I, fo is the weight fufpended . to the fufpending 

force. 

(^ But if the extremity -c (fig. 21). be affixed to the 

lower block, it will fuftain half as mucl) as a 

pglleyi confequently the analogy wiU then be, as 

twice the number of lower pulleys, more i is to i, 

{q is the weight fufpended to the fufpending force. 

It is 'for the moft part m'ore Convenient to fofm 

tackles with blocks of the forrp exhibitetl in fig. 2J. 

n This rcafoning depends on the-eqiial tenfiOft of 

the rope, and is therefore conckifive only when the 

tackle IS wrought by a fingle rope. I« the fyftem 

of pulleys (fig. 24) the power; increafes in a 

geometrical feries,, _whofe common /mtio is 2, and 

number of terms equal to the . number of pulleys. 

Thus, if a force be applied at A, it will be afted- 

upon by half the weight f; if at b, hy -^; if at 

c, by 4-j and if at d, by -^'^^ &c. The reafon of 

which is evident from what has been already faid. 

s It is, evident, that Jn the compofition ^of forces, 

the force produced is lefs than the fum of the com- 

jpounding forces i a d (fig. 3) being always lefs 

than 
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than the fum of a c- and a%b. On the contrary, in 
die reiblution o£ farce, a gain of force is produced^ 
which is exemplified in the following inftance: 

The rbpfe eacbf (fig. 2.5) is pafled over the t 
ptiOey s A and .By . and under the pulley c. • £qual 
weights are fulpended at e and f, whofe adions on 
4C may be reprcfented by the equal lines c j and 

. € H. : Thefc foflces compounded give c d, which * 
will cxprefs the force exerted by the two weights 
s and F, tending to move c in the direftion of the 
perpendicular, apijjis Ids than tKc fum of c j and 
c H. Confequently a weight o being applied at c, 
whofe quantity Is lefs than the whole quantity of z 
and i: JO jhe fame proportion, will fuftain their 
cficS?,. ^njd remain , in equilibrio. Therefore, if 
we Gonfiikr B^and -f, as producing by compoficion 
a force equal toe, a lofs of force enfues; and on 

' die other hand, if g be confidered as producing 
fqrces. by, rc&ludoa equal to e and f, ^n increafe 
of force • i^ ,,i^cqyirec). 

Th^ quaiitity. . of this Jnf reafe or diminution is ir 
f«adily dejieifouncd . thus. 

r' - From J let fall the perpendicular j k upon c d, • 
then c K w^l be the half of c d. And j cis half 
the lum of jfc.and c h. Now, as the whole of 
that fum is tQ c p, fo is. the fum of the weights e 
and F to the weight o (for they rcfpeftively repre- 
fent the forces. of tliofe weights) and fo is j c to 
c K. But J c is the focant of the angle formed be- 
tween the rope a c and the perpendicular c d, 
the line g k being radius. Therefore, as the fe- 

. cane 
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cant of the angle formed' between one of tt^ ropes 
and the perpendicular is to rtdius> {o is the &01 
of the weights b and f to the weiglttci. 
ir Hence it follows^ that the general dB^uftion, 
^ concerning pulleys and weights are only true vihtn 
the ropes are parallel. 

The pulley or tackle is of fiich general utilityj 
diat it is neediefs to point out any pardcular in- 
itance. 

CHAP. IV. 

OF THB INCLINED PLANE» AND OF THB WEOO£« 

w Thb inclined plane has in its t(k6t& a near 
analogy to the lever^ Let a b be an horizontal 
plane on which the wci^ b is placed^ and let B ^d 
reprefent the force exerted by the weight, a b nuqr 
^fo be conceived to a£b as the arm of a lever» whofe 
fulcrum ^s A. Let this lever revolve on its fulcrum 
fron^i b to c> then the weight £ will be found at e^ and 
will aft on the plane a c with an oblique force e d^ 
equal ahd parallel to B d. Refolve e d imo e b per« 
pend!cular> and b d parallel to a Cj and die feree e b 
will be dcftroycd by the reaftion of the plane. With 
the other force b d, die wei^t wiH proceed with 

X an accelerated motion towards a. Whence it may 

be obferved^ that the inclined plane, acting a^nft 
e in the manner of a lever, dpfl^oys that force 
which is exerted in the dircdion of the tangent of 
its line of modon, and that the afting force in this 
inftrument is that which in tr»ting of the lever 

was 
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\vds rejedted (s6y v), ^s having no effcdi. The v 
Force with which any weight on an inclined plane 
tends downwards ifi the direftion of the plane, is 
to the weight itfelf, as b d to d e. Or as e f to 
A e, which is the ratio of the height of the plane 
to its length, b^caufe the triangles bed and f e a 
are fimilaf. But e f is to A e as the fine of the 
angle the inclined plane makes with the horizon is 
to radius.. See fig; 26. Therefore, as the faid fine z 
is to radiusj fo is the force tending downwards in 
the direftion of the plane to the weight. And be- 
taufe radius Is a Conftartt quantity, the forces by 
which the fatne weight tends downwards in the 
direftions of various planes will be as the fines of 
their inclinations. 

This inftrument is not much ufed iri its fimplc 
form. 

If it be required to fliew what force in the di- a 
redion e p parallel to A b (fig. 27) will fuftain the * 
weight e in equilibrib. Set off e m equal to b d, 
V/hich will reprefcht its fofce or tendency in the 
3ireftion of the plane, and equal, but on the con- 
trary fide, let oS^e n, which will reprefent the force 
that, applied ill the oppofite direction, will fuftain ^ 
the weight in equilibrio. Draw n p perpendicular 
to A c and e p parallel to a b, interfering n p in p, 
€ p will bt the force required j for it is compofed 
of e n and n p, and n p being perpendicular to thedi- 
reftion of the tendency of e avails nothingi Join p d 
and this laft found fofce is to the wliole weight of e, b 
as p e to e d, or as e f to f a, which is the ratio of 
Vol* I. F the 
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the perpendicular height of the plane to Its hori- 
zontal bafe^ for the triangles p e d and e f a arc fi- 
milar*. And fince aftion and reaftion are equals 
and in contrary direftions (22, r), it is evident that 
the fame force e p, which fuftains e on the fixed 
inclined plane cab, applied in the contrary direftion 
would, if the plane be fuppofed moveable in the 
direftion of its bafe a b, and the body e fixed by 
the application of an obftacle q r, fuftain the effort 
with which the faid body tends to impel the plane 
from e towards p. 

The wedge is compofed of two inclined planes 
joined together at their common bafe, in the direc- 
tion of which the power is impreflcd. 
^ Let ABC (fig. 28) reprefent a wedge, whofe 
vertex a is inferted between the two bodies d and 
E, which being fixed in pofition, refill in a cer- 
tain degree any force which tends to fcparate them.- 
This refinance ufually is, like the weight in the in- 
clined plane, perpendicular to the bafe a f, and 
the power, or force employed to overcome it, is 

• The fimilarity of thefc triangles not being ohviouffj 
deducible is proved thus : 

Prolong p e and d m till they meet in s ; and the right 
angled triangle m s e will be equal and fimilar to the tri- 
angle n p e, s e being equal to e p. 

The triangles s e d, p e d have the two fides s c, e p equal, 
the fide e d common to both, and the included angles s e d, 
p e d ar9 both right angles. Confequendy the triangles are 
equal and alike in all refpeds. ^ Euclid I. 4. 

But it is eafily fliewn, that the triangle s e d is fimilar to 
;he triangle c f a, and fo like wife muil p e d. 

impreflcd 
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imprefled as was jufl: mentioned, in the direftion 
of the faid bafe. Therefore, by, the property of 
the inclined plane, the force required to keep one 
> half c F A of the wedge in equilibrio with the pref- 
fure of the body d, is to that prefllire as c f to 
F A. But as the preQure on the other half of the 
Wedge a6ts with equal efFcdl, a double force will be 
required to prefcrve the equilibrium, that is, a 
force as c B to F A. Or, in general terms; in any f 
wedge, as the line c b, joiriing the two equal fides 
A B and A c, is to the diftance between the vertex 
A, and the middle point f of c b, fo is the force 
imprefled to the refiftance in d and i. - 

This infti-ument is commonly ufed* In cleavino- o 
wood, and was formerly applied in engines for 
damping watch-plates. The force imprefled is 
commonly a blow, which is found to be much more 
cfFeftual than a weight or prefl^ure. This difFe- 
rence is'ufually accounted for,* by fuppofing that 
the tremulous motion produced by the ftroke, con- 
fiderabljr diminiflies' the very great fridlon at the 
fides. But there is no doubt, that k is chiefly re- 
ferable to the principles that obtain when refilling 
bodies are penetrated Tjy, u). 

All cutting inftruments may be referred to the h 
wedge* A chizel, or an axe, is a firnple wedge, 
A law is a number of chizels fixed in a line. A 
knife may be confidered as a wedge when em- 
ployed in fplitting, but if attention be paid to the 
edge, it is found to be a fine faw, as is evident' 
from the much greater effedt all knives produce by 

F 2 a draw- 
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a 'drawing ftroke, .than what would haVc followed 
froqi a diredt a&ion of the edge. 
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I 

OF THE SCREW, AND OF MECHANICAL ENGINES 

4 

IN GENERAL. 

t The Screw is compofed of two parts, one of 
which is called the fcrew, and confifls of a fpi- 
ral protuberance, called the thread, which is wound 
or wi^pt round a cylinder ^ and the other, call- 
ed the nut, is perforated to the dimenfions of 
the cylinder, and . in the internal cavity* is cut a 
Ipiral groove adapted to receive the thread. 

K Let A D G E (fig. 2 9) reprefent a cylinder, and 
ABC any flexible fubftance of ia thick nefs altoge- 
ther inconfiderable or evanefcent.^ Suppofe a b c 
to be a triangle, haying a right angle at a,- and 
one of the legs a b containing the right angle to 
be applied to the cylinder in a line parallel to its 
axis. Imagine now the cylinder to turn on its 
axis, fo that the triangle a b c may be rolled or 
wrapped clofe on its furface. The |ines b c, and 
all others, as .1 k, l r parallel to it, will then be con- 
tiguous to, or coincident with, the peripheries of 
circles, whofe planes are all at right angles to the 
axis, and confequendy parallel to each other. , But 
the line a c will become a curve a qj. m a n d p, &c. 

L- which is called an helix. This curve 1 will always, 
or in every part, proceed , from one towards the 

other 
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Other end of the cylinder it enwraps, and will 
make equal angles with the generating circle of 
the cylinder. For any one of thefe angles, a k i, will 
be produced by the application of another angle 
A K I, always equal to the angle a c b. 

Suppofe the cylinder a d g £ to be perpendicu- M 
lar to the horizon, the lines b c and its parallels, 
together with all their correfpondent circles on the 
cylinder, will then become horizontal. Let the 
line A c now reprefent an inclined plane whofc * 
height is a b, and the helix being of the fame 
length and height, and equally inclined to the ho- . 
rizon throughout, will not differ in mechanic 
effeft from the inclined plane. That is to fay, the n 
tendency of a weight to defcend on the inclined 
plane, will be exaftly the fame as o|i the helix. 

Let A L be the perpendicular diflance between o 
two adjacent threads. Draw the horizontal line l r 
interfeding a c in r. Then l r will be equal to 
the circumference of the cylinder, and a r will be 
equal to one revolution of the helix. But a r, re^ 
prcfents an inclined plane, equivalent in power to 
the helix. Every helix therefore is equivalent in p 
power to an inclined plane, whofe length is equal to 
one revolution of the helix, and height equal to 
the diflance between two adjacent threads meafured 
by a line parallel to the axis of the cylinder con- 
tained within the helfx. ' 

If the horizontal thicknefs of the nut be difre- o^ 
garded, it will, not differ from a weight to be 
fuftaincd on the helical plane, Confequently it a 

F 3 will 
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will be kept in equilibrio by an horizontal forcCji 
which is to that of the weighty as the perpendi- 
cular dlftance between two adjacent threads is ta 
the circumference of the cylinder (Sg^ p. 65, a b). 
s Or if the power be applied in the direction of the 
threads of the fcrew, the equilibrio will be had 
when the power is to the weight as the perpendi- 
cular diftance between the'tvv^o adjacent threa,ds is to 
the length of one thread of the fcrew (6g, p. 65^ y), 
T . But there m't few, if any, inftances where the 
fcrew is ufed without the lever. -If an a|:m e f 
(fig. 30) be applied to move the out, the weight 
and the power may be confidered as adling upon 
a lever, whbfe fulcrum is at the axis of the cylinder, 
u And, therefore, the proportions laft found (r, s) 
muft be compounded with the ratio of the fcmi- 
diameter of the cylinder to the diftance of e from 
the axis of motion. 
V It would be difficult to enumerate the very many 
lufes the fcrew is applied to. It is extremely fer- 
viceable in comprefling bodies together, as paper, 
&c. It is the principal organ in all ftamping in- 
ftruments for ftrlking coins, or making impreffions 
on paper or cards, and is of vaft udlity to the phi- 
lofopher, by affording an eafy method of meafuring 
w or fubdividing fmall fpaces. A very ordinary fcrew 
will divide an inch into five thoufand parts; but 
the fine hardened fteel fcrews, that are applied to 
the limbs of aftronomical inftruments, will go 
much farther. This method will be readily un- 
derftood from the contemplaapn of fig. 3.1. 

On 
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On the rule e o h f is fixed the upright piece e f. x 
Through this piece the ftem of the fcrew a b pafles^ 
and is held by a collar, fo that it may be moved on 
its axis without advancing or retiring in the direc- 
tion of its length. The circular plate c d is fixed 
at right angles to the axis of the fcrew which 
paffes through its center.. The piece i k m l is 
adapted to Aide lengthways on the rule. This 
piece has a fquare aperture^ acrofs which is ftretchcd 
a fine wire o p at right angles to the graduated line 
on the rule that may be feen beginning at n. At 
I K, on the fliaing piece, is a raifed part perforated 
helically to receive the fcrew. Suppofe the fcrew 
to have fifty turns in the length of an inch, and 
the edge of the plate to be divided into loo equal 
parts: fuppofc likewife, that the wire o p ftands 
between two of the dividing lines, ^nd that it is 
required to determine its diftance from one of them. 
Turn the fcrew, which of courfe will move the 
Aiding piece, and obferve, with a magnifier, when 
the wire accurately covers the dividing line. Then 
the number of whole turns of the fcrew employed 
in the operation will give as many fiftieth parts of 
an inch, and the odd divifions of the plate c d 
will fhcw the number of hundredth parts of a 
turn, that is to fay, hundredth parts of one-fif- 
tieth of an inch, or five thoufandth ' parts of an 

inch. 

The fcrew has been apphed with great fuccefs in y 
the divifion of aftronomical inftruments*, 

*By Mr. £amfden, who has written 4 tieatife on the fubje£>. 
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z It is eafy to conceive, that when forces applied 
to mechanical inftruments are in equilibrio, if the • 
le^ft addition be rnade to oqe of them, it will prcr 
p6nderate and overcome the effort of the other. 
But the want of a perfeft pplifh or fmoothnefs in 
the parts of all inftrumentjs, wd the rigidity of all 
ropes, which increafes with the t^nfion, are great 
iippediments tQ motion, and in compounded engines ' 
are found to diminifh about one-fourth of the cfFedt 
of the powpr. 
A The properties of all the mechanical powers 
depending, as has been fhewn, on* the laws of 
motion laid down in thp beginning of this treatife, 
and the a6tion, or tendency .to produce motion, 
of each of the two forces, being applied in diredions 
contrary , tQ, each other, the following general rule 
for finding the proportion of the forces in equilibrio 
on any machine will require no proof, 
p If jwo oppolite forces \)t applied to the extreme$ 
of any inechanical engine, in the direftion of the 
lines, in which, ^by the conftruftion of the engine, 
the faid extremes^ would move 5 and the intenfities 
of the forces be to each other reciprocally as the 
velocities %h^ extremes when put in motion would 
acquire in the fame indefinitely fmall time: then 
thofe forces will be in equilibrio, 

Suppofe the forces to be weights, and the fame 

may be expreffed thus. 

c; If two weights applied to the extremes of any 

mechanical engine be to each other in the recipro^. 

f al proportion of the velocities rcfolved into a per^ 

pendicular 
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pendicular dircftion, (rejefting the other part) which 
would be acquired by eaqh when put in motioa 
for the fame indefinitely fmall tim^j they will be in 
cquilibrio. 

Whence it may he obferved, that in all contriv- d 
ances by which power is gained, a proportional lofe 
is fufFered in time. If one man, by means of a 
tackle^ can raife as much weight as ten men coqld 
by thpir unafljfted 'ftrength, he will be ten times as 
long about it. 

It is convenience alone, and not any aftual in-^ e 
creafe of force, which we obtain from mechanics. 
This may be illuftrated by the following example: 

Suppofe a man at the top of a houfe draws up f 
ten weights, one at a time, by a Tingle rope, in ten 
minutes. Let him have a tackle of five lower pul- 
leys, and he will draw up the whole ten at once with 
the fame eafe as he before raifed up onej but in ten 
times the time, that is, in ten minutes. Thus wc 
fte the lame work is performed in the fame timei 
whether the tackle be ufed or not: but the conve- 
nience is, that if the whole ten weights be joined 
into one, they may be raifed with the tackle, though 
it would be impofllble to moVe them by the unaffifted 
flrength of one man. 

Or, fuppofe, inftead, of ten ,weights a man draws e 
t^n buckets of water from the hedd of a ftiip in ten 
minutes, and that thj? (hip being leaky, admits an 
equal quantity in the fame time. It is propofed, 
t|iat by means of a tackle, he fhall raife a bucket 
. tfn tifn93 as capacious. With this - affiftance he 

performs 
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performs it, but in as long a time as he employed 
to draw the tea, and therefore is as fer from gaining 
on. the water in the latter cafe as in the former.* 
i Since then> no real gain of force is acquired from 
mechanical contrivances, there is the greateft reafon 
to conclude, that a perpetual morion is not to be 
obtained* For in all inftrumcHts the friftion of dieir 
parts and other refiftances continually dcftroy a part 
of the moving force, and at laft put an end to the 
motion. 
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I T»ET A B (fig. 3^) reprcftnt a long flcnder 
l?ody of an inconfiderablc thicknefs, which is 
attrafted by another body in the dircftion of the 
fmall parallel arrows, a b t d, &c. Then the 
motion of 'a b will be the fum of the motions of 
all the parts fituate between a and b. InterpOfe 
the pointed obftacle c d, and a b may be conlidered 
as a lever; c being the fulcrum* Conlequendy, 
if € be fo placed that the parts between a and c 
may be in quantity and diftance from the fulcrum 
equipollent to thofe between c and b, the whole 
body will reft in cquilibrlo on the point c. This 
point is called the center of gravity. 

K The thicknefs of a b being inconfiderable, the 
point c may be efteemed as the center of gravity, 
but is not To when the thicknefs is taken into the 

7 account.' 
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account. The foregoing ilkiftrarion, belides the 
advantage of its fimpUtity, may ferve to Ihcw that 
lyhen we . fpeak of the whole attraftivc force of a 
body being coUefted in its center j as for example, 
the center of the earth, it is hot to be imagined that 
any real power, or, ^s it were magic force, is fup- 
pofed to exift in that center. In the fame manner 
the body a b ceafes to move, not immediately be- 
cauf^ its center of gravity is fuftained, as if the caufe 
of motion exifted in that center alone, but becaufe, 
by the property of the lever, the forces on the fide 
c B are made to counterad: and deftroy thofe on the 
fide c A. 

The center of gravity is defined to be a point i. 
about which all the parts of a body or bodies are in 
cquilibrio. * 

Therefore, the qentcr of gravity of two bodies, m 
4 and'B/fig, 33) will be a point c, in the right 
line that joins their centers of gravity, which is 
diftant from the center of each body in. the recipro- 
cal proportion of their mafles (56, u); that is, a c : 
c B : : B : A. And the center of gravity of three 
bodies, fuppofe a , b and e, will be found at d in 
the line c e, which joins the center of gravity of £ 
with the point c. c d being to d e reciprocally as 
the fum of the mafles of a and b is to the mafs of 
E. For it is eafily proved, fuppofing the lines to 
be levers, that the bodies a and b will equilibrate 
on the point c, which, as the fulcrum, will fuftain 
both their forces (58, b) ; and alfo, that the body e 
will equilibrate with the force fuftained ate; d being 

the 
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die fulcrum; In this manner the center of gravit]^ 
of any fyftem of bodies may be found. ^ . 

Though the point called the center of gravity is 
defined from the univerfal property, gravity, yet, 
k may be as well defined from the inertia of mat- 
ter ; for the point c (fig- 32) is the center of 
inertia, or the point at which an im'pulfe will move 
the body without producing rotation ; or, if the 
body were in motion in a right line, without ro- 
tation, the point c is the only point at which the 
oppofition of a fixed obftacle will deftroy the whole 
fnotion at once ; but our intended concifencfs for- 
bids the elucidation of rotatory motions. 

If two bodies move uniformly in right lines, 

» 

their common center of gravity will either be at 
reft, or will move uniformly in a. right line; and 
the fame is likewife true of the center of gravity of 
three bodies, for the center c (fig. 23) of any two 
of them may be confidered as one body. Therefore, 
if c and e be in 'motion, the common center d will 
either be at reft, or will move uniformly in a right 
line. And the fame may thus be (hewn of ^ny 
number of bodies *. 

The common center of gravity of two or more 
bodies does not change its ftate of motion or reft 
from the mutual aftions of the bodies upon each 
other; and therefore, the common center .of gra- 
vity of all bodies mutually aft ing upon each other, 
is either at reft, or moves uniformly in a right line, 

* Principia. in CoroL 4, ad 3. Legem motus. 

aftions 
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actions and impediments from without being cxr 
eluded. For, 

If the bodies a and £ (fig. 33) adt upon each q^ 
other, the motion produced in each will be equal, - 
{aa, r) and the ratio of c a to c b will confc- 
quently remain the lame, whether they approach tOt 
or recede fixim each other. The Hate of c will not 
therefore be changed by their mutual adlionsu If 
the third body E.be added to the fyftcm, the center 
D, for the fame rcafon, will not be changed, as to ks 
ftate of motion or ,refti whether e ads upon c or 
not:: aritd the lame may be proved of any iiumbcr 
of bodies. ^^ 

Since then the ftate of the center of gravity of x 
any lyflem of bodies, as to reft, or. uniform direft ' 
modon, is not afFeded either by the motions or 
mutual a£tions of the bodies of which it is com^ 
pofed,; external aftions or impediments being ex-? 
eluded, it is plain that the fame law holds good In 
the motion of a'fyftcm of bodies as is obferved by a 
finglc body. For the progreffive motion of a fingle 
body, or of a fyftem of bodies, muft be eftimatcd 
by the motion of the center of gravity. 

Hence it is that the center of gravity of the s 
earth is not afFefted by the motions on its furfecc, 
or in its bowels. When a projeftile, a cannon 
ball, for inftance, is thrown upwards, the projeding 
force reading on the earth, caufes it to move io-the 
contrary diredion; but as the morions are equal, 
the center of gravity remains the fame. 
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T The motions and anions of bodies upon eadt 
other in a fpace that is carried uniformly forwaix), 
are the fame as if that (pace were at reft. 

For the motion^ and aftions of bodies upon each 
, other depend on their relative motion/ the velocity 
of which is the fum of their abfolute. velocities, when 
they arc moved in oppofite direftions, or their dif- 
ference when they move in the fame direftion. And 
this fum or difference is not altei-ed by an equal 
velocity imprcfled on all the bodies in the lame or 
a parallel direftion, as in the prclent cafe: fince, 
when two bodies move in contrary directions, in a 
Jpace carried, uniformly forward, the velocity .added 
to that body, with whofe motion the * motioft of 
the fpace confpires, is exaftly equal to the velbcity 
deftroyed in . the other body, whole motion is 
oppofed by that of the (pace ; and when the bodies 
move in the fame direftion, an equal velocity bei 
ing added to, or deftroyed in both, the diflerence is 

V likewife unaltered. This is likewife confirmed by 
daily experience; motions performed on board a 
Jhip under fail are the fame as if the fliip were at 
anchor ; except fo far aS they may be difturbed by 
the irregular tofling of the waves, which afFedrs 
them fucceffively, as much in one direftlon as 
another. A fleet of fhips carried by an uniform 

\ • Space being in its own nature immoveable, the expreffion 
is here improper ; but it conveys a clear idea of the propofi- 
tion in concife terms, tl^ugh we can form no idea of bodies 
included in a fpace be'fng aiStcd upon by that fpace. The 
fpace here mentioned is merely ideal, may be called relative^ 
and is defined to be a mo?eable'dimeniion« 

current. 
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current, cither prefcrvc the fame relative pofuions, 
or approach to, or recede &01D, each other in the 
lame manner as they would if no fuch current 
cxiftcd. And the tnotions of bodies at the furfacc 
of the earth are no otherwifc a£ftjf<5ted by its revo- 
lution on its a^is than as the revolution is not rec- 
tilinear, the efFcdts of which, though confiderablc^ 
are not enough fo to fall under coaimoQ obfer va- 
tion. 

This propofition is likewife true, if the modon 
of the Ipace be uniformly accelerated, or, wliicJa 
IS the fame thing, if all the bodies be coi^andj 
afted upon by parallel forces which a& eqjaallj; 
according to their maffcs, on e^qh of thcm^ . 

For fuch forces will caufe all the bodies to wove x 
with the fame acceleration; and to defcribc equal 
fpaccs in the lame direftion with each other. They 
-will not therefore change their relative morions or 
fituations« 
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Y The bodies fpoken of in the preient chaptef* 
are fbppofed to move without rotation, friftion, of 

^ Tcfiftance from the air, or any other mediunii; neithei- 
are the magnitudes of ' the bodies brought into 
confideration. 

It has already been Ihewn (65, y), that the force 
of a body to defcend along an inclined plane Is to 
the whole force of its gravity as the height of the 

2 plane to its length, . If the body be' at liberty to 
defcend on the plane, the firft- mentioned force. will, 

' by^its conftant and equal aftion (27, d) produce 
an uniform acceleration. 

The fpaccs defcribed from the beginning on a 
given inclined plane are (29, o) as the fquares of 

A thc^ times; that is to fay, the times of defcription 
of inclined planes of the fame inclination arc as the 
fquare roots of their lengths. 

B The final velocities (36, h) of accelerated mo* 
tions being equal when the forces are inverfcly as 
the (paces paffed through, and the length of an in- 
clined plane being to its height in this fame ratio 
of the forces, by \7hich a body would defcend along 
the plane, or fall freely through its height, it fol- 

c I0W9 that the final velocity acquired by a body that 
defcends along fuch a plane is equal to the final 
velocity it would acquire by falling freely throOgh 

D its height. Hence alfo the fipal velocity is always 

equal 
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equal when a body has fallen through an inclined 
plane of a given height, whatever may be its length* , 

The times of acquiring this given velocity^ or of Bs 
paffing over the whole lengths^ will be inverfely as 
the forces (35, e); that is to fay^ direAly as the 
lengths when the heights arp equal (65, y). 

Bodies that defcend from a given height al- F 
ways acquire the fame final velocity, whether 
they defcend along a finglc plane or many. Lee 
EG (fig. 34) reprefent an horizontal, and a g a 
perpendicular line; and fuppofe a body to de- 
fcend along the inclined planes a b, b c^ o d, d e; 
continue a b to f in the ' line e g, and draw the 
lines B Kj G I, D H, parallel to the horizon^ The 
body after paffing through a b and b c will have 
acquired a velocity equal to the velocity it would 
have acquired. -fimply by defcendmg along b c or 
(80, d) along b l, added to the velocity it had at 
B : therefore the velocity at c, after pafling through 
the planes a b, b c, is the fame as would have been 
acquired by defcending from the fame height a i 
through a fingle plane a u The fame reafoning 
may be extended to prove, that when the body has 
arrived at d, it will have the fame velocity as it 
would have acquired by defcending in one plane 
A M of the fame height a h : and fo forth for any 
number of planes whatever. 

Since the ptanes along which a body may pals, 
in defcending from a given height, are not limited 
either in number or magnitude, we may affume them 
to- be indefinitely fmal!, and indefinitely numerous. 

Vol. I, G They 
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They may then be conceived to form a curve, and 

it will follow, that the laft acquired velocity of a 
body that defcends by a gravity from a given height 
along a furface either plane, polygonical or^curved, 
is always the fame, and is equal to that velocity 
it would have acquired by defcending from the 
fame height by the aftion of its gravity in free 
fpace. 

H On the planes of the fame inclination the times of 
defcent from the beginning are as the fquare roots 
of the lengths of the planes (80, z, 29, o). 

1 If a body defcenii along any number of inclined 
planes,. A b, b c, c d, d e, (fig. 34) and another body 
defcend along a like number of planes, n o, o p, p q^, 
(^R, (fig. 35) having refpeftively the fame incli- 
nation and proportional lengths, namely, n o to 
A-B as o p to B c, and as p Q^to c d, &c. then the 
times of defcent will follow the fame law as would 
have obtained if each had paffed down a fingle 

K plane of the fame inclination : that is to fay, they 
will be as the fquare roots of the lengths paflcd 
over. For, if the bodies were each to defcend (in* 
gly along any two correlpondent planes a b and 
N o, the times would be as the fquare roots of thofe 
lengths (82, h): and the final velocities would be 
in the fame ratio (29, c). The fame will be true 
of the planes b c and o p. But now, fuppofe each 
body to have defccnded through two planes a b, 
B c, and N o> o p, then the time of defcent through 
B will be lefs than it would -have been in pro- 
portion as the velocity it has at b is greater, namely. 
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111 proportion ta the fquare root of A b (29, o). 
And in like manner the rime of palling fingly 
through o p will be diminiflied in proportion to. the 
increafc of velocity gained at 0, or in proportion 
to the Iquare root of n o. But as is to b c as 
N o to o p, and therefore the times of pafling 
through B c and o p are diminiflied in proportion 
to their magnitudes, and muft continue to have the 
lame ratio as before. Again, fmce no is to a b 
as o p to B c, the fum of n o and o p, namely, 
N p, will be to the fum of a b and b c, namely, 
A c, in the fame ratio ; and the fum of the fquare 
roots of N o and o p, namely, the fquare root of 
N p, will be to the fum of the fquare roots of a b, b c, 
namely, the fquare root of a c, as the fquare root of 
N o to the fquare root of a b, or as that of o p to that 
of b c* And fince it has been fhewn, that the times 
of paffing over tlie planes n o, o p, and a b, b c, are 
reipeftively proportional to the fquare roots of their 
lengths, the whole times muft be proportional to the 
fquare roots of their funis, or whole length, which 
was to be proved : and the fame reafoning will apply 
to any number of planes. 

If the planes be indefinitely fhort and numerous, l 
they may be conceived to form a curve, an^d a fimi- 
lar affemblage of planes refpeftively, in proportion 
to the former, will form a fimilar ^ curve. The 
foregoing arguments will then prove, that bodies 
defcending along fimilar curve furfaces defcribe 
them in times which are as the fquare roots of the 
lengths of the curves. 

G 2 If 
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M If a body be urged towards a given point, by ^ 
force whicli is proportional to the diftance of the 
body from the point, it will always arrive at the 
point in the fame time, whatever the diftance may be. 
Let I (fig. 36) be the point; and fuppofe two bodies 
to be let fall from any two points, a and r at a finite 
diftance from i* Join a r, a i, and r i ; and ima- 
gine A I to be divided into an indefinitely great 
number of equal parts, which, confequently, will 
each be indefinitely fmall. Through each point of 
divifion in a i, imagine the lines b q^, c P, d o, &c. 
to be drawn parallel to a r, and they will divide 
the diftance r i into an equal number of indefinitely 
fmall parts. Any two intervals, a b and r q^ will 
be in proportion to the whole lines a i, R i, of 
which they are like pirts. Now, the force may be 
efteemed to be invariable or conftant, while the body 
pafles over the interval a b, becaufe the diftance is 
not definitely lefs, during that time : and the fame 
may be faid of the interval r q^; that is to fay, the 
forces being as the diftances a i, r i, will be alfo 
as the intervals or fpaces a b, r <^, pafled through : 
and the times of pafling thofe intervals will be equal 
(35, e). By the fame argument the fiicceeding 
intervals b c, q^p, would have been pafled bver in 
equal times, if the motions had commenced at b 
and. (i. But in the prefent cafe, the velocities al- 
ready acquired in b and CLare (^Sy ^) proportional 
to the fpaces a b and r q^, and confequently are 
fuch as would, without any other aftion, carry the 
bodies over the fpaces b c and q^p, in equal times. 

It 
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It is therefore evident, that the bodies are carried 
over the fecond fpaccs b c and q^p, by means of 
aftions or forces which would have carried them 
refpeftively through thofe fpaces in the fame tjme, 
Increafcd by acquired velocities that would likewife 
have carried them through the fame in equal times. 
The acquired velocities in b and q^ muft therefore 
fubdud: equally from the times in which b c and 
Q^p would have been otherwife defcribed, and the re* 
maining or aftual times of defcripdon will be equal. 
This reafonirig will extend to prove, that all the 
other correfpondent intervals, c d and p o, d e and 
o N, &c. afe refpedlively pafled over in equal 
times; or, in other words, the whole lines a i and 
R I will be pafled over in equal times i which was 
to be (hewn. 

If a number of indefinitely (hort inclined planes n 
be joined together, and the fme of the inclination 
of any plane to the horizon (^6^, z) be as its dif- 
tance from the lowcft plane, meafured along the 
planes, the tendency of a body to defcend on them 
will be as its diftance thus taken: confequendy 
(84, m) a body will, by pafling along them from any 
diftance, arrive at the loweft point in the fame time. 
The line in ^yhich the defcent is made may be con- o 
ceivcd to be a curve, becaufe no part of any definite 
magnitude lies in the fame right line. This curve 
is termed l cycloid. 

Every thing that has been proved of the accelcr p 
rated defcent of bodies along incliped planes will 
hold good, mutatis mutandis (jij, p) whqn bodies arp 

G 3 retarded 
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retarded in their afccnt alang the fame, or cangru-? 
ous planes. 

0^ A pendulous body ofcjilates by the fame laws a^ 
it would move on an inclined furfact <>f the fame 
figure as the curve it defcribes. For the reaftion 
of the firing or rod is exerted againft, and dcftroys 
the very force that fuch a plane would deftroy. 

R The pendulums of clocks ufually vibrate in the 
arcs of circles. It has formerly been thought an, 
advantage to make them vibrate in the arcs of 
cycloids ; but the difficulties that attend the practi- 
cal application are fuch, that there is good reafon to 
think that they produce greater errors in the admea- 
furement of time than thofe they are intended to re- 
medy *. For this reafon, we fhall here ,only explaiq 
the properties of bodies vibrating in circular arcs. 

I Let B (fig. 37) be a body pendulous from a, and 
moveable in the arc b r e, whofe lowefl point is f ; 
draw the line a f c, on which from b let fall the 

. perpendicular b d. This lafl line b d \yill be hori- 
zontal. From B draw b c at right angles to a b, 
arid confequently touching the arc b f e. The body 
at B will then be urged towards f by its gravity in 
the fame manner as if \t refled on an inclined plane 
B c^ making the angle dbg with the horizon. Which 
^ngle, by reafon of the . fimilarity of the triangles 
D B c, D A B, is equal to the angle d a b, or the in- 

• The excellent Huyghens has explained the vibrations of 
pendulous, bodies in his Treatife de Horologio Ofcillatorio 5 
and the fame thing is f erformed more; generally in the Prin- 
cipia I. § JO, 

clination 
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cUnation of the pendulum-rod or ftring with the 
perpendicular. But the force at b is as the fine of 
this angle (65, z). Now, in very fmall angles, 
the finesi and confcquentljr the forces, are nearly 
proportional to the fubtending arcs to be pafled 
over: therefore, (85, n) all the circular vibrations t 
of the fame pendulum are nearly equal when the 
arcs of vibration are fmall. 

But, in facb, becaufe the arcs increafe fafter than u 
the fines, the lefs vibrations of the fame pendulum 
are performed in lefs times. 

The times of the vibrations of pendulums that v 
defcribe fimilar arcs of circles, or, which is in faft 
the fame, l^vc equal angles of vibration, are (83, l) 
as the fquare roots of the lengths of the arcs: and, 
becaufe the fimilar arcs a^e as the radii they are 
dcfcribed with, the times will be as the fquare roots w 
of the lengths of the pendulums. This propofition r, 
fnay be affirmed likewife of all angles of vibration 
(87, t) wh^n they are fmall. 

Thus far, in our reafoning, we have fuppofcdthc y 
force of gravity to be invariable in a given body ; 
but if it be fuppofed to vary, its efitfts will vary in 
the fame ratio (35, d, e); and the lengths of fimilar 
arcs defcribed by a pendulous body in equal times 
will be direftly as the forces of gravitation that 
urge them. Now, the lengths of the arcs are as 
their raidii, that is to fay, the lengths of pendulums, 
vibrating through fmall arcs (87, x) and meafuring 
equal times, are as the gravitating forces. 

G4 If 
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z If the ball b (fig. 37) of a pendulum were let 
go from any point remote from the loweft point f, 
it would defcend to f with an accelerated motion 
through. tjie arc b f, and if it§ motion were without 
all refinance or impediment, it would by a retarded 
motion precifely fimilar to its former acceleration, 
afcend through an arc f e, equal to b f. From 
the point e it wbuld again defcend by acceleration 
to F, and again rife to b by pafllng through the arc 
f B in the fame manner as it befot"e afcended through 
the arc F e: the pfcillation would thus continue for 
ever, the angles and the tim^s of all the vibrations 
being equal. But this cannot be; for there is no 
avoiding a certain degree of friftion at ?^, and the 
ball B ftriking, and giving motion to the parts of 
the air oppofed to its courfe, mufl: itfelf lofe as much 
motion as it qommunicates, (22, r) by which means 
the motion mufl: continually decay, and atl laft 
become infenfible. 

A^ The pendulums of clocks are maintained in their 
motion by the aftion of the wheels, which are driven 
round by means of a weight or ipring. Let e g f 
(fig. 38) reprefent the fwing- wheel of a clock that is 
urged to rfeyolve in the direftion e c f; let c and d re- 
prefent th^ pallets moveable on an axis at a, and lb 
connefted with the pendulum a b, that they are 
made to vibratp along with it, Suppofe the ball 
to vibrate from r to b, one of the teeth of the 
wheel refting againft the pallet c, whofe figure may 
l^e fc?n enlarged at i i^ l. When the pendulurit 

returns! 
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returns towards q^, the pallet c is drawn out, the 
wheel prefling firft along the plane i k, and after- 
-wards on the inclined plane K l ; by its aftioa 
on which iaft, it pulhes the pallet or aflifts its mo- 
tion, till at length the tooth flips off the point l. 
During this time the pallet d, whofe figure is feen at 
p N o, is carried in between the teeth on the other 
lide of the wheels that when the wheel efcapes the 
pallet c, another tooth drops on the plane n p of the 
pallet D. The returning vibration again draws out 
the pallet D, the tooth of the wheel affifting its 
motion by prefling along the inclined plane n o 
till it efcapes at o. At this inftant the pallet c has 
acquired its original fituation, and therefore receives 
the adjacent tooth : and the whole proceeds as be- 
fore. This is a very fimple and good efcapement. 
It is called the dead-beat efcapement, becaufe the 
fecpnd fiand in clocks of this conftruftion falls with 
a fingle or vulgarly a dead ftroke on the divifion line 
of the dial, and does pot recoil, but remains modon- 
lefs during that part of the vibration in which 
the tooth of the crown-wheel refts on the plane i k, 
or p N of the pallet. 

There are many other efcapements which our 
prefent purpofe will not admit of defcribing. The 
leading requifite of a good efcapement is that the 
impulfe communicated to the pendulum, fhall be 
invariable notwithftanding any irregularity or foul- 
nefs in the train of wheels. 

Jf the refiftances arjfing from the fridllon at the b 

moving 
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moving parts, and from the motion communicated 
to the air, were always die fame, and the clock 
were urged by a weight, the aftbn of the fwing- 
wheel on the pallets would be always the iame at 
a given place, in confequence of which, the figure 
of all the parts being fuppofed invariable^ the 
arc of vibration would be conftantly of the fame 
niagnitude, namely, fuch as, that the motion loft 
.by the refiftances oppofed to the pendulum 
jbould be accurately equal to the motion com- 
municated by the pallets, and the times would 
be equal; that is to fay, the clock would be per- 
feft, and would meafure time accurately. But 
thefe conditions are not eafily obtained. It is not 
found, that the variation in the refiftance of the 
air, arifing from its changes of denfiiy, occafions 
any fenfible irregularity in clocks. The moft con- 
fiderable irregularities in the movement arife from 
the tenacity of the oil applied to the moving parts. 
For the oil is lefs fluid in cold than in hot wea- 
ther; and when it is lefs fluid, a greater quantity 
of the maintaining power muft be loft in over- 
coming its rigidity: whence it muft happen, that 
the teeth of the crown-wheel will in that cafe a6t 
lefs forcibly on the pallets, and the vibration will be 
lefs. If the pendulum be fufpended on an axis, 
this caufe, together with the conftant wear, is very 
noxious; but this defeft is remedied by fufpend-. 
ing it by a ftrait flexible fpring. And in addition' 
to this, there have not yet been found any materials 
3 which 
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which do not expand by heat. The pendulum rod 
I therefore is longer in hot than cold weather, and 

I . the clock confequendy goes flo^ver (87, w). 

It has not been determined from experiment and c 
obfervation, how far thcfe caufes refpedtively affed 
the regularity of the clock's going. There arc 
many good inventions for obviating their effefts. 

The irregular adtion of the maintaining power, D 
in confequence of its giving morion to the whole 
train of wheels, is rendered of no confequence by 
means of the efcapements, which are called detached 
or fr^e efcapements. For in thefe the impetus of 
the fwing-wheel is not fuffered to ad on the^ pen- 
dulum, but is employed in raifing a fmall weight in 
each vibration, which, by its^ fall, always gives the 
lame impulfc to the pendulum. 

The expanfion or contraction of deal- wood length- e 
ways, by change of temperature, is fo fmalJ, that 
it is found to make very good pendulum-rods. 
The wood called fapadillo is faid to be ftill better. 
There is reafon to believe, that the previous baking, 
varnifhing, gilding, or foaking, of thcfe woods in 
any melted matter, only tends to impair the property 
that renders them valuable. They fhould be fimply 
rubbed on the outfide with wax and a cloth. In 
pendulums of this conftruSion the error is greatly 
dimini(hed, but not taken away: but there are a 
conGderable number of ingenious contrivances for • 
entirely reipoving it. 

The combin^atiqn of metallic bars in the gridiron f 

pendulum 
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pendulum fccms to be the inofl: fimple and effec- 
tual contrivance for this purpofe, and is therefore 
the only one we (hall here defcribe. From the point 
of fufpenfion a (fig. 39) proceeds a fmall flexible 
Ipring, by the alternate flexure of which the vibra- 
tion is allowed to be made. The lower part of 
the fpring is fixed to the frame b c, out of which 
proceed five equal cylindrical bars of metal. The 
two outer bars are ft:eel, as is likewife the middle 
bar : the other two are a compofition of zink and 
filver. The two outer bars arc fafl:ened in the 
piece B c by means of pins, but the three inner 
ones pafs loofcly into holes in the fame piece, with- 
out being fattened at all. The three inner t>ars 
pals through a piece d e, near their upper ends, in 
which they are all faft:ened by pins. At the lower 
extremities of the bars is another crofs piece f g^ in 
which all the bars are fafl:ened by pins, except the 
middle bar* that paflfes freely through, and carries 
the ball or lens h. 

The confideration on which this conftruftion 
depends is; that a given increafe of temperature 
will caufe the bars of zink and filver to expand 
about twice as much i/i their linear dimenfions as 
the bars of fteel. To fimplify our explanation, let 
us attend only to the ball h, without regarding 
the weight of the other parts. It will then only be 
required, that the diftance between a and the ball 
H fliould continue unaltered in every change of 
^;efnperature, which is accpmplilhcd thus. Imagine 

the 
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the outer bars of ftecl to expand by heat, and they 
will fufFer the frame f g to defcend; the middle 
ftcel-bar will likewife expand in the fame ratio of 
its length; and the ball h would confequcntly 
be removed farther from the point of fufpenfion a 
if no other parts of the apparatus were afFcfted by 
the heat : but the fame heat expands the bars of 
zink and filver much more in proportion to their 
lengths, and therefore the adjuftment may be fo 
made as that the expanfiori of thefe fhorter bars 
may be equal to that of the longer ones of fteel; 
that is to fay, the expanfion of thefe two bars may 
be fuch as to remove the crofs piece d e farther from 
F Gi fo as to raife the ball h Upwards through a fpacc 
exaftly equal to the quantity of the expanfion of the 
central, and the two outer bars. Whence the ball 
H will always be kept at the fame diftance from a. 

It may be obferved, that the two outer fteel-bars h 
anfwer the purpofe of a fingle bar with regard to 
the expanfion, as do likewife the two next adjacent 
to the middle bar. Thefe bars, namely, two of 
fteel and one of zink and filver, would have been 
fufficient in theory, but the necefllty of binding 
them together in that cafe produces a degree of 
friflion of the parts that is, not without reafon, 
thought to have a bad effeft, by caufing the aftion 
to take place by darts. The adjuftment of the con- 
trary expanfions is made by pinning the piece D e 
at the various diftances from f g, by which means 

the ratio of the length of fteel to that of the zink 

and 
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and filvcr may be altered in any convenient degree r 
and this adjuftment being made from aftual obfer- 
vation of the clock's going, it is evident, that no 
praftical inconvenience can refult from our gratui- 
tous fuppofition of all the parts> except h, beings 
without weight. 
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CHAP. VIIL 

4 

^01? THE MOTION OF A BODY, WHICH IS ACTED 
UPON BY A CENTRIPETAL FORCE* 

If a body at a (fig. 40) be carried with an « 
vxilform dired: motion in a given line a e, and 
rays be drawn from the equidiftant points, a, b, c, 
i>> E, to any point l, without the line a k, the areas 
A L B, B L c, c L D> D L £j &c. will be cqual to each 
ether *. 

And thefc areas which are dcfcribed in equal k 
times, will not be altered by any centripetal force 
aifting on the body a, and impelling it towards l. 
For, 

Suppofe the body a to defcribe the equal fpaccs u 
A B, B c, CD, and confequently with refpeft to the 
point L, the. equal are-as a l b, b l c, c l d, in equal 
times. Let a centripetal force be imprefled at d, 
which fingly would caufe it to defcribe the fpace 
D d in the fame time as d e, which is equal to d c, 
&c. Complete the parallelogram d d e e, and. 
(23, s) at the end of the time the body will be found 
at e; having defcribed the diagonal d c. The tri- 

• This rcafoning depends on that well-known propofition 
(Euclid I. 38) that trkngles coniHtuted upon equal bafes, 
and between the fame parallels, are equal to one another. 

angle 
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angle d e l will then be equal to del, becauie 
both ftand on the fame bafe d l, and between the 
parallels d l and £ e. Continue e f equal to d e, 
and the area e f l will be equal to d e l, for the 
fame reafon ; e f reprefenting the (pace which would 

r 

be defcribed in the fkme time as d e, if no new 
impulfe were given at e. Let a force e m be im- 
prefled at e, and by the fame procefs it is proved, 
that e f L is equal to e f l. The like may be proved 
of the triangles f g l, g h l, &c. 

M Since therefore any fingle impulfe can only altef 
the velocity and direction, but never afFcd the 
area defcribed, it is plain that any number of fuc- 
ceflive impulfes will likewife have no cfFeft in al- 
tering the area. Suppofe the number of impulfei 
t6 be infinite, or, in other words, let a force 
direfted to the center aft continually on the bodj^ 
and a polygon with an infinite number of fides, 
that is to fay, a curve, will be defcribed, whole 
radius accompanying the moving body, will de- 
fcribe or fweep over equal areas in equal times. 

N And converfely, if a body revolve about a poinf, 
fo as to defcribe a curve, whofe radius accompany- 
ing the body, fliall fweep over equal areas in equal 
times, the centripetal force which deflefts the mo- 

tion from a right line, mud be direfted to that 
point. 

o But no infliance of a centripetal force direfted to 
an immoveable point is found in nature. Bodies 
attract one another, and that mutually. There- 
fore, 
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fere, if onfc body revolves about another, this laft 
\vill not remain at reft, but will roVolve in a ♦ fi- 
tnilar ciirve about the ^common center of gravity, 
as will alfo the firft body» That is to fay, if the 
center of gravity be at reft, the two bodies will ab- 
folutely move in fimilar curves about that center, 
and relatively about eaeh other in curves fimilar 
to thofe laft menriorted. 

Thcfe motions will not be altered, if the center p 
of gravity be fuppofed in motion (78, T. 79, w). 

Therefore, when we ipeak of the orbits and pe- q^ 
riodiCal revolutions of bodies, we may in general 
regard one of the bodies as ftationary, and the 
other as revolving round it. 

If d body revolve round a center in an orbit R 
which is not circular, it is plain, that to defcribe 
equal areas in equal times, it muft move fwifter 
when near the center than when more diftant; and 
it is likewifc evident, that when the velocity, and ' 
coniequently the tendency to fly off in a tangent 
is increafed, a greater centripetal force will be re- 
quired to retain it in its orbit. 

From the properties of the ellipfis it is demon- ^ 
ftrated, that a body revolving in that curve, whofe 
centripetal force tends to one of its foci, muft in 
any part of its orbit be attrafted towards that focus, 
by a force which^is reciprocally as die fquare of its ' 
diftance f . 

• Fiincipia, I. 57. t Principia, I. 11. 

Vol. I. , H A very • 
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t A very complete and clear idea of the ellipl^ 
may be had from the common way of defcribing 
it; if a thread c a c (fig. 41) be faftened by its 
ends at the points c c, arid a pointed inftrument be 
inserted in the bight or bend at a, and moved to- 
wards B or E, keeping the thread at full ftretch, it 
will in one revolution defcribe the ellipfis a b d e, 
c c are called the foci. - 

ir To illuftrate this doftrine of revolving bodies, 
we may obfcrve, thdt as gravity conftantly aftson 
all bodies in the vicinity of the earth, attracting 
them towards its center, every projeftile, which 
is not thrown in the line of the perpendicular, may 
be confidered as a body revolving about that cen- 
ter ; and if its orbit be not fufficiently large to con- 
fain or circumfcribe the body of the earth', it will 
be interrupted in it^ courfe, and remain at red 
fbmewhere oh the furface. Thus let a b e (fig. 42) 
reprefeht the earth, whole center is dt c; then if 
a body be projedted froni a in the direction a f, it 
will by the aftion of the centripetal force, be de- 
flefted into the curve A g b, arid will remain at reft 
at B, being prevented frorti defcribing the whole 
orbit a G B D a, by the body ot the earth, which in- 
terrupts its courfe at b. fiut the part a c b of the 
elliptical orbit of a projeftile is fo fmall, in com- 
parifon to that part which is riot defcribed, that it 
may without any fenfible error be confidered ^s a 
parabola, except fo far as. the rcfiftanee of the air, 
which is not here regarded, makes it fall (hort of Bj 
by deftroying part of its motion. 
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The ofbic A d B D A^ of whiqh the parabola k r 
|>art> would have been defcribed upon the fuppo- 
iidon. that the attra&ion towards the center con- 
tinues to obferve the fame law within as without 
the iphere; But this flippofidon, howeyer^ is hot 
true; for a fphere of uniform denfity^ compofed 
of particles which attraft each other with forces re- 
tiprocalljr as the fqiiares of their diftances, will at- ' 
tra6fc bodies without its furface according to the 
fame law^ relation being had to ib center. ^ But 
the centripetal forces of bodies placed within the 
fphere^ will be dire£Uy as their diitances from the 
tenter*. 

Let the circle i c d b (fig. 43) reprefcrit the W 
fearth. From the top of the mountain Ai let a 
body be projcfted in the horizontal direftioii a Fi 
^th a force that Will carry it to b on the fUrface; 
Imagihe it to be projeded in the fame dircftiori * 
V^ith iilill greater forced and it will be carried 
to c. A ftill greater increafe of force will carry 
it to D. Arid a yet greatler augmentation will 
carry it roilnd the earth to Ai where it will pro- 
fceed with a velocity equal to that with which it 
Was firft projefted, and by confeqilencci the re- 
fiftance of the air being difregardcd, will revolve 
in that orbit for ever. But if the projcftile force 
be ftill more increafedi it will defcrlbe the ellipfis 
A b A with an unequable motion; flower at b and 
fwifcer at Ai and continue to revolve for ever in 
that orbit; 

* Prindpia^ I. 8o» 

Ha If 
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If gravity a6b in the diftant fpaces^df the heavens 
inverfely according to the fquares of the diftances^s 
it iviU be eafy to apply this to the motions oif the 
ccleftial bodies* We fliall again refume ttus fub- 
jefti but in the mean time it is neceflary, that die 
appearances Ihould firft be deicribed before an ex- 
planation of them can be given. 
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CONCERNING THB SYSTEM OF THE VNIVSRSE. 

There arc two methods by which knowledge r 
may be acquired and announced ; namely, by ana- 
lylisj or by fynthefis. In die method of analylis 
the procefs is made from things that are com<^ 
pounded to things that arc more fimple, Caufes, 
or firft principles, are invcftigatcd by attending 
to, and examining their cfFefts. But in the me- 
thod of iynthefis the procefs is dircftly the con^ 
traryj for here the caqfes, or nrft principles, be- 
ing known or alTumed, are made by compofition 
or combination to account for their effefts. It is 
very manifeft, that in the acquifition of philofo- 
phical knowledge the former method muft be firft 
made ufe ofl We fee no fimple events in nature, 
and we cannot come at caufes- but by analyfing 
the effects we behold, Thys it is that; firft prin- 
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cipies arc obtabcd, which may afterwards tjC ej^r 
tended by fynthcfis, to account for other phcnomens^ 
in a more viiuverfal manner. Generally fpeaking, 
the analyfis appears beft adapted for acquiring 
knowkdge, while the fynthedcal method is more 
f;onvenicnt ^d concife for communicating it, wheq 

known. 

In the communication of the knowledge that re-r 

lates to the heavenly bodies, and is termed aftro- 
nomyt we might affume as eftablifhed firft prin- 
ciples every thing which refpefts their mutual po-: 
fitions and motions abfolutely confidered, and froni 
thence deduce fynthetically the phenomena that 
YTOuld appear to a fpedator placed on the earth 
or dfewhere. Or we might ftill mor^ generally, 
from the laws of motion affumed as Hrft principles, 
deduce the confequenccs that would arife fiom thp 
motions of bodies in circumftances fuch as the 
Ijc^venly bodies are knowp to be placed in. By 
thefe methods the fcience would be pioft expedi- 
tiouQy taught, and even fuppofing the firft prin- 
ciples to be iperely affumed at hazard, pr ^ratui- 
^oupy, yet their conftant a^eemcnt ^ith the events 
^hat happen \n nature might furqifti no inconfiderr 
able prefMmption of their truth. However, it is 
flear, that the knqwlpdge on which the fyntbeticaj 
i-eafonipg is built, muft be eidier aflume4 gratui- 
toufly, or obtained by analyfis. It is not eafv, nay^ 
it is perhaps impoffible, to form any conception 
how a finite intelligence can, to any advantage, 
- ^ ■■..'•• ' -^ 
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make ufe of firfk principles taken without a pre- 
vious ufc of the analytical method of deduftion^ 
yet xhe whole hiftory of natural philofophy affords 
Dumberlels inftances of iQen of real abilities who 
have indulged their , vanity apd indolence in de*- 
ducing confcquences from principles enrircly hy- 
pothetical, and often ftlfe. Far froni wjfliing to 
imitate thefe, we (hall not aflume, even eftablilhecj . 
truths, without giving their proofs where they cant 
be explained with thaf degree of facility which our 
intention demands,. Inftcad, therefore* of deducing 
the apparent phenoipcna from the real motions of 
the heavenly bodies, it is prefumed that it will be 
much more interefting, though, rather more prolix, 
to note the obvious appearances, and theace infer 
their caufcs, Thcfe inferences have been the con- 
fcquence of the obfcrvadon ^d ftudy of feveral 
of the moft diftinguiflied men of genius in the 
courfe of Oiany ages. The truth has been acquire4 
by flow degrees, and indireft method^. It has of- 
ten been obfcured by the admixture of error. It^ 
progrefs has been retarded by the operation of pre- 
judice, and the pride of falfe fcience. When difco- 
yerigs arp completed, it is eafy to trace the moft di^ 
reft fteps by which they might have been made, 
though it has Icarccly ever happened that the dif- 
coverers proceeded, by thofe fteps. , Let us there- 
fore pals over in (ilence the various and intricate 
15:hemes made ufe of to folve the celeftial ap- 
pearanpes before the ancient fyftem of the world 

H 4 wa^ 
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was itvived by Copernicus *, and fince efl:abUlhc(| 
for ever by the immortal Newton. Let us ima- ' 
gine ourfelves in the open air bufied in the con- 
templation of the phenomena that occur in the'hea- 
yens, and while we note the fafts, and make plaii^ 
dedudions fron^ them^ vft, fhall be infenflbly led 
to the knowledge of the beautiful regularity and 
order which prpvail through the imnienfe regions of 
ipace, and evince the intelligence and ppwcf of the 
Firft Caufe. 

The firft and moft obvious phenomenon that 
prefents itfelf to obferyation, is the apparent diur- 
nal motion of the yifible fphere of the heavens,- by 
which the fun, moon, and ftars are feen to rife and 
fet. This motion is obferved to be fubjeft to feem- 
ing irregularities. If its period be eftimated from 
fun-rife to' fun-rife, a little time fhews, that the fun 
does not always rife at the fame point, nor remain 
above the horizon fo long in wirtter as in fummer^ 
The moon is ftill lefs adapted to the purpofe of de- 
termining this period, its variations being in every 
refpedl more confpicuous. The ftars renmin^ whicl^ 
appear indeed to rife, and fet regularly, but yet \x\ 
a period ftiprter than the- natural dayr for thofe 

f A. D. 1543, the year of his death. After fuppreifing his 
book, f de Revolutionibus orbium cqleftium," for more than 
thirty-fix years, it was at length publilhed^ and a copy 
brought him a few hours before his death.* Gaifendus Iq 
vita Coperniqi. See alfo Sir John Pringle's elegant ^* ^}^7. 
cpurfe 01^ ^Q Attraftion of Mountains/* 
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ftars, which at a certain time of the year are feeti ♦ 
to rife at midnight, are found to make their ap- 
pearanire early in the evening, after the (pace of 
fhree months is elapfed. It is therefore to be de- 
termined which of thofe motions ought to be re- 
garded as the motion of the heavenss and it is 
much more obvious and intelligible, to fuppofe^ 
that the fun, by a relative motion to the eaftward 
with refpeft to the fixed ftars, fhould make the 
days fomewhat longer than the real time of a re- 
volution, than that all the ftars, while they pre- 
ferve their mutual diftances unaltered, fhould con- 
ftantly move with a velocity greater than that of 
the fuppofed celeftial Iphere. ' To determine this 
relative path of the fun is not difficult. By the 
fliadow of a perpendicular ftafF or other equivalent 
inftrumcnt at mid-day, its varying declination to- 
wards the north or fouth may be known, and the 
advance in the rifin? of the ftars will mark its dif- 
ference in right afcenfion. By this, or fome fuch 
method, it may be difcovered, that while the fixed 
ftars rife and let, each on its proper points of bear- 
ing or pofition, without varying their relative fitua-*' 
fionsi the fun, by defcribing annually a circle to- 
wards the eaft, inclined to th$ direftion of its 
daily courfe in an angle of 234- * degrees, muft 
pccafion all the difference of feafons, leiigth of 
'days, 8fc, . " . * 

. • Every ciitle is fuppofed to .be dividei into 360 part^ 
fj'hich are called'degrees. 

In 
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% In noting thefe appearances^ it is natural to feled: 
' the brighteft ftars as objefts of our attention. The 
planetary bodies will on this account b? the early 
objefts of our notice. The planet Venus cfpeci- 
ally, receding from the fun to the eaftward, will 
appe^ as an evening ftar in the wei): after funfctj 
^nd afterwards will difappear on its re- approach to 
it, and be feen at a nearly equal diftance to the 
weftward, and riling before the fun, become a 
morning ftar. The flownefe of its apparent motion 
npar its greateil elongation or angular diftance from 
the fun, ftiews that it is moved in an orbit, near 
•the center of which the fun is placed 5 and the ftiort 
time employed in pafling from its greateft clonga- 
t;ion eaftward to its greateft elongation weftward^ 
when compared with the time of its courfe between 
the fame elongations in the contrary direftion, Ihews 
that its revolution is made from weft to eaft. 
The proportion between its diftance from the fun, 
and that of the fun from the earth, may be found 
from the quantity of its greateft elongation. 
c To illuftrate this, let s (fig. 44) reprefent the 
fun, E the earth, i m k n the orbit of Venus, c s d 
part of the ecliptic, pr fun's apparent annual patl> 
IP the heavens. Then to a fpeftator at e, finute^ 
liearly in the plane of the planet's orbit, thp plane^: 
vhen at B will be referred to ^:he point b in the 
ecliptic; and when by its abfolute motion in its 
orbit, it has defcribed the arc b u, it will appear 
to h^ve defcribed the arc b d. When at u, it will 
appear jElationary at d, ^nd after, a little time begin 

to 
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fp move back from d to b : for after delcrifaing 
tthe arc u j, it will again be fcen at b. Continumg; 
|ts courfe. It will arrive at v, having appare^itly ' 
pafled through the arc b g. At v it will ag^a 
))ecome ftationary and afterwards move to c, r, a, 
'&c. which will be rcprcfepted by their correipopdr 
ing points in the ecliptic. Now, fincc the motion; 
^ ken from the earth, is that which appears in the 
ecliptic, and fince the apparent motion from b to 
p may as well be produced by a real motion from j " 
to u as by one from b to u, it remains to be determin- 
ed in what direftion the real motion is made by which 
,the apparent motion is produced. Now, hecaufe 
^ p and £ D are tangents to the orbit, the poincs o 
ajjd c^ which correfpond with the pofidons u and v, 
. are thofp of its greateft elongations; and becaufe 
^e arc u v, which is pafled over in the inferior part 
pf the orbit between the two greateft elongations, is 
left than the fqperior arc v a 9 u, which is pafled 
pver between the fame elongations, it is plain, that 
y^hen the planet is in the inferior part of the orbit^ 
fhe Ipace c d will be performed in lefs time than 
yrhen it is in the fuperior par?. It is alfo evident^ 
when the planet moves ip the fuperior part of it^ 
prbit, that the apparent motion in the fcliptic has 
Xht fame direftion as the real motion. Therefore, p 
|ince we have a criterion to diftinguifh the mo- 
tion in the fuperior from that in the inferior part, 
we can eafily determine the diredion of the mo- 
tioh in its orbit, which is proved to be from weft 

The 
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B The diftahce of Venus from the Sun, in propor- 
tion of that of the Sun from the earth is deter- 
mined from its greateft elongation: thus draw the 
line V s, which will be at right angles to the tangent 
V 1 ; then in the right angled triangle v e s, by the 
iruks .of plain trigonometry. 
As radius 
Js to the fine of (he angle of gregteft elon« 

gation YES, 
$0 is the Sun's dlftance from the earth e $, 
To the dlftance of Venus from the Sun v s. 
F By fimilar obferyatioqs on the planet Mercury, it 
is determined tha( its revolutions are performed 
ronnd the fun in the fame manner, becaufe they are 
accompanied with circumftances of the fame nature ' 
^ appe^ in the motion of Venus^ 
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CHAP. II. 

OF THJ3 FIGURE AND MOTION OF THE EARTH; 

We have not yet confidercd the ciFeds which 
the fun's annual motion in the ecliptic has upon 
the apparent motions of the planets, though it 
is very confiderable: neither have we determined 
whether this apparent annual modon be the confe- 
quence of a real motion of the fun about thceardij 
or of the earth round the fun. The treleftial phe- 
nomena may be explained either way, but in a much 
more fimple and intelligible manner by the latter 
foppofition. We Ihall therefore previoufly give an 
account of the figure of the earth, and the reafons 
on which the fuppofition of its motion is founded. 
The proof wUl come more properly when we treat ^ 
of the phyfical caufes of thefe motions. At prefect 
we only defcribe appearances, and draw plain infc^* 
rences from them. 

The purpofes of aiftronomy require, that the fixed o 
.ftars fliould be clafled into conftellatbns. When 
their relative fituations are known, it muft foon be 
perceived, that their diurnal revohitions are per- 
formed round an axis, obliquely fituated with rcfpeft 
to the horizon; or circle that bounds our viewi one 
of its extremities or poles being above the horizon 
to the ^ northj and the other as fv below it to the 

* In this elucidation the obierv^r is fuppofed to be in north 
latitude. » 

fouth. 
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fouth> and confequendy invifible. By travcUirig id 
the northward, the north pole is obferved to become 
more elevated^ and that exaftly in proportion to the 
Ipace travelled oveh from Which fclrtumftalnce H 
fellows, that the ^arth is round or fpherical« 
H For> let 1 B E> fig, 46, reprefent a pl^ ledtion of 
the earth at right angles to its furface -, let a b reprcf- 
fent the plumb line or perpendicular, and b p the line 
of diredtion, in which th0 * pole ftar is itch ; the 
angle a b p will then be the complement of the 
altitude of the ftar: let the fame ftar be feen frorti 
another point e in the line of direction e cl> whichi 
by reafon of the great diftance of the ftar, may be 
cfteemed paMel to bp ; th^ angle d f ojvill then be 
tqualto the angle abp, or complement of the former 

altitude at b* From e draw the plumb line or per- 

• . ...» 

pendicular e fj the angle d B f will then be the dif- 
ference between the two co-altitUdes abi*j f e q^, or 
between the two altitudes; but this difference is 
^qual to the angle b c e, formed between the plumb 
lines^ and is proportional to the arc or diftance b Ef* 

. ' Now^ 

* Tkere is ho ftar Atoated at the pole. fUt ftar «e in Urft 
Minor* which is called the pole ftari is abtoai 2^ degrees 
diftant from it^ 

t Let the part h n df the line o p (fig. 46) be Compre- 
hended between the perpendiculars ah* f n» which* if conti* 
nued* meet at c . Conceive h m to be divided into an inde£- 
&ite hUihbe^ of equd pahs* by means of pefpendicula/s 
B I* c K, &c. fcverally prolonged till they meet* Then in the 
triangle b c i* the iides* kg, x g* are equali becaufe oppofj^a 
10 equal angles at £i and i ; and fot a like reafon* in the tri- 

iiPgM 
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Now, if the angle formc;d between two perpendi- 
culars to a given line be always in proportion to 
that part of the line comprehended between the 
perpendiculars, the line itfelf is circular : and that 
folid, whofe feftidns, ^paffing throx%h tyo oppofitc 
points, are all circles, is itfelf a Iphere. 

Hence, if the length of the arc b e be meafured, i 
^d its quantity in * degrees known by obfervation 
on a ftar, the length of the whole circumference of 
the earth may be found by this proportion. As 
the quantity of degrees is to the length meafufed, 
fo is the whole circumference, or 360 degrees to 

its length. 

The modern circumnavigation liktwile proves k 
the Iphericlty of die earth; for, by failing continu- 
ally eaftward, or* continually weftward, veflels arrive 
again at the port from whence their firft departure 
•was taken. 

Alfo, in an eclipfe of the moon, the Ihadow t 
of the earth is always, projcfted in a circular form. 
Now, it is evident, that the body, whofe ihadow 
is in all pofitions a circle, muft itfelf be a globe. 
' Unfurnilhed, with thofe proofs, which the laga- m 
city and more accurate obfervations of later 

angle 1 g k, the iides ig, etc are equal. The fame proc^fs of 
argumentation will extend to prove, that all the fmall tri« 
angles between h and n are ifofceIes> having a common rerteJ^ 
at G ; that is to fay^ there is no definite part of h k from which 
a right line can be drawn to the point g, either greater or 
lefs than h g : h M is therefore a curve, having fuch a relation 
to a certain point, that all right lines drawa from it to that 
point are equal | or it is circular. Which was to be ihewn. 

ages 
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ages have afforded^ the ancients could not addudd 
thoie reafons for the earth's motion^ that depend on 
the general laws of motion^ and the nature of 
gravity. Without doubt they had recourfe to thole 
which depend on the moral fitnefs of things. They 
were perfuaded that the wifdom of the Creator had 

- formed every thing in the beft manner poffible, ^d 
therefore, that when an/ effeft could be as well 
produced by fimple as by complicated caufes, the 
obferver of nature ought to attribute it to the for* 
mcr. Tliey faw the two planets, Mercury and. Vc* 
nus, revolving round the fun in orbits, whpie radii 
are Icfs than the diftance between the lun and the 
earth: the fuperior planets. Mars, Jupiter, and 
Saturn, were alfo obferved to move in orbits^ 
about the fun, but at greater diftances than that be- 
tween the fun and earth. If the fup were fuppofed 
to move abfolutely in the ecliptic or its apparent 
path, it muft carry the orbits of thefe bodies along 
with it, and confequently their abfolute motions 
muft be very complicated; but if the earth be fup- 
pofed to defcribe an orbit round the fiin, between 
Venus and Mars, the abfolute motions become , 
fimple and natural, ^nd an admirable uniformity 
prevails throughout the fyftem. 

N The annual motion of the earth being allowed on 

this principle, its diurnal motion would follow by 

the fame argument; it being much more reafonable 

and confiftent to fuppofe, that the earth, by a daily 

revolution on its own axis from weft to eaft, fhould 

occafion the apparent motion of the celeftial bodies, 

' \ than 

6 
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than that thofe bodies ihould^ befides their other 
various motions^ have that aftonifhing velocity 
which a real diurnal motion would produce. The 
objeAions common obfervers might make would be 
cafily diiproved by men whofe penetration wa^ 
capable of going thus hr. From the obfervadons 
by which the fpherical form of the earth was difco- 
, veredj they would alfo gather, that bodies fell not 
abfolutely down, or in a direction referabk to 
pure ipace, as *was imagined, but always b a Ime 
dire6ted towards the center of the earth,, and con* 
fequently that no danger of bodies fallihg off would 
arife from its continual change of pofition» The 
inilances of &ips carried by the tides in calm 
weather wpuM likewise ferve to (hew, that the 
relative motions or i)ofitions of bodies are not 
changed by an equal vebcity given to them in the 
lame parallel dircdion. 



c H A P. m. 

OF THE MUTUAL APPBARANQES OF THE SUPERIOR 

AND INFERIOR PLANETS* 

That the planets Mars, Jupiter, and Saturn re- o 
volve in orbits, which include the orbit of the 
earth, is evident^ becaufe they are frequently fcen 
in the part of the ecliptic direftly oppofite to the 
funi and that the orbits refpeft the fun as a center, 
appears as well from thofe oppodtions which happen 
in every part of the ecliptic, as from their unequable 
Vol, I, I * apparent 
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apparent tnotions, which are explained byTeferring 
them to that center. 

p We Rave confidcred th^ apparent motions of* the 
inferior planets as far as relates to thc^r fituation 
with refpcft to the fun. The motion Of the earth 
dfFcfts thofc appearances, to fpeak in general, only 
by prolonging the time they employ to return again 
to the fame fituation. 

0^ The earth at e (fig. 44) is a fuperior planet with 
refpeft to Venus. A fpeftator on Venus at b would 
fee the/ earth e elongated from the fun under the 
angle e b s; which angle of elongation would 
intreafe by the motion of Venus in its orbit from 
B to u, where it becomes a right angle e v s. From 
J it would be feen in an angle of ftiU greater elon- 
gation e J s, and from m. it would be feen dircftly in 
oppofition to the fun. Paflirig from m to k, v, &c. 
the angle of elongation would decreafe till the arrival 
of Verftis at n, whence the earth would be in con- 
junftion with the fun, and the angle of elongadon 
would vanifh. This relative motion of the fupe- 

' rior planet with refpeft to the fiin is contrary to 
the order of the figns, or from eafl: to weft, and 
depends entirely upon the motion of the inferior 
planet on which the fpedlator is fuppofed to be 
placed. * 

R If the earth £ was at a diftance indefinitely greats 
the lines be, u e, j e, &c. might be efteemed 
parallel, and confequently the lpe£tator would be- 
hold it ^always in the fame point of the ecliptic,' 
its fituation with regard to the fun being varied 

only 
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only .by^ the apparent motion of the fun, occafioned 
by the real motion of Venus. But as this is by no 
means the cafe, ah apparent motion of ihc earth 
among the figns of the ecliptic will be produced. 
Xhus, the earth viewed from n, will appear among 
the 'fixed ftars at p; from b it will appear at r; 
from u' at o, where it will be ftationary fo long as 
the orbit of Venus does not fenfibly differ from its 
tangent ; from j it will be feen returned back to r 
with a retrograde motion; from m at p; from k at 
T} from V at Q^, where it again becomes ftatio- 
nary ; and! from a it will be again feen at t, its * 
motion having again become dire£b: whence we 
may obferve, that 

When a fuperior planet viewed from an inferior s 
appears ftationary, the inferior planet viewed at 
the fame time from the fuperior is alfo ftationary i 
and, 

When the inferior planet viewed from the fope- t 
rior moves apparently retrograde, or contrary to the 
order of the figns, the fuperior planet has alfo an 
apparendy retrograde motion. 

But fince the earth' has an annual motion round u 
Ae fim in its orbit, ( i lo, m) we are therefore to dif- 
cover what part of the apparent motion of Venus is 
produced by that cpfe. It is plain, that if the earth 
were at reft, and Venus feen at u, its greateft elon- 
gadon, it would again be feen in the lame pofi- 
tion, after performing a complete revolution in its 
orbit. But while Venus is performing this revolu- 
tion, the earth is carried from e towards w, and fo 

^ I 2 forth. 
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forth. Therefore Venus tnuft pafs betwecft two 
fimilar elongations, not only a conciplete revolution^ 
but Kkevtife the whole angular fpace which the earth 
has performed in the feme time. Hence its perio- 
dical time may be found. For the time between 
two fimilar pofirions is obferved to be 583 days. 
J^ow, dividing the earth's orbit into 365 equal 
parts or days, the angular velocity of Venus wiH 
be denoted by the angular Ipace pafled over in the 
given time, namely, one revolution, or 36^ days 
added to 583 days, equal to 948^ and the earth's 
angular velocity will be 583. 

v , The periodical rimes of Venus and the earth wiH 
be reciprocally as their angular velocides; conic- 
quently. 

As the angular velocity of Venus r 94* ' 
. Is to the angular velocity of the earth 583 
So is the periodical time of the earth 2^^ 
To the periodical riftic of Venus 2144 

w Were it not for the fixed ftars, it would be 
impoffiblc to difcover or obfcrve the annual 
morion of the. earth. We (hould conclude, that 
iach planet made a complete revolurioa between 
any two fimilar fituations with refpeft to the fun, 
becaiife the fpaces of elongation are fimilarly dc- 
fcribed, and are in^ quaiirity the fame, whether the 
earth be in morion or not. Thus, if the earth be 
fixed at E, the feme apparent elongations will be 
made by Venus with any velocity whatfoeVer lA 
its orbit, but they will occur more frequently the 

• greater the velocity. If a morion be given to the 
7 earth 
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earth in the orbit e w, Venus will approach • from 
u to M, which is now in motion, with a velocity 
equal to the difference between its angular velocity 
and that of the earth: or if the earth's angular 
' velocity be grcatcft, it wUl apparcridy recede from 
I4> and de^ribe its ^ revolutions in the contrary di- 
redtion' to its real motion. Now, as all the ap* 
parent motion of Venus in elongation is known by 
its approach or recefs from the line s £, and fince 
any angular motion of s s can only change the re- 
lative velocity of Veniisj and fince a change of 
velocity will not alter the elongations, except as 
to time> it is evident, that we cannot determine 
whether s be at reft or nOf from the • appearances 
of the planets which revolve about the fun. It is 
dien from the apparent motion of the fun, with re« 
fpeSt to the fixed ftars, that we conclude that the 
earth defcribes an orbit in about 365 days. 

If the fuperior planet a be at reft, the retrograde x 
morion of the inferior planet u among the fixed 
ftars will be the fame as its motion in elongation, 
viz. the angle u £ v. But if e move in the fame 
diredion as u, but angularly flower, the arc de- 
fcribed by the retrograde motion in the ecliptic 
will be Icfs than that defcribcd between the two 
oppofite elongations. The fame is true of the re- 
trograde motion of the fuperior viewed from the 
inferior planet. 

For the motion- of s towards w caufes an ap- y 
parent motion of the fun towards d. And as the 
retrograde motion of u referred to the arc ds is 

I 3 floweft 
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fl^weft ntar the elongations, it is plain that u will 
not become ftationary in the ecliptic till its appa- 
rent motion in elongation from d towards s is 
equal to the fun*s apparent motion in the contrary 
direftion; that is to fay, till fome time after palling 
the greateft elongation, fuppofe at d. After which its 
motion mull become retrograde till it arrives at h, 
equidillant from its greateft elongation on the other 
fide, where it will again become ftationary, its appa- 
rent motion ifY elongation being equal and contrary 
to that of the fun in the ecliptic. Now, the angle 
HEdis iefe than the angle of retrograde motion in 
elongation c £ d. And fince the angle i£q is equal 
to HTB D, it is alfo lefs than o b p. But thofe angles 
I E q and h e d arc the meafures of the retrograde 
motions of the fuperior and inferior planets, when 
viewed from each other. Whence the propofition 
is evident. . ^ 

CHAP, IV. 

OF THE SUPERIOR PLANETS, AND OF THE TRUE 
FORM OF THE PLANETARY ORBITS. 

The appearance of the earth when viewed from 
Venus being explained, it will be eafy to a^ply that 
explanation to the apparent motions of the fuperior 
planets. Of the two inferior planets Venus ferved 
us as an inftance; and of the three fuperior onels we 
fhall felcft Jupiter, as ,being the moft bright and 
confpicuous. The motions of this planet being 
accounted for, fimilar obfcrvationsand fimilar rea- 

foping will obvioufly fojve thofe of the, other pla- 

nets^ 
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nets, whofe particular phenomena will not, thert- 
fbre, require a more minute clucidationi 

That, the planet Jupiter revolves in an orbit, a 
which Includes that of the earth, and relpefts 
the fun as its center, was Ihewn in the begin- 
nihg of the laft chapter; and its apparent mo- 
tions are obfcrved to be fimilar to thofe which it 
was proved the earth would have when feen from 
Venus. It remains to difcover its periodical time 
and diftance from the fun. 

Let s (fig. 47) reprefent the fufi, e the earth, b 
J Jupiter, the circle e e a the earth's orbit, and 
the circle jj a the orbit of Jupiter. Suppofe Ju- 
piter to be in oppofition ti> the fun. ^The earth 
revolving in its orbit will, in the fpace of 365 
days, arrive again at e, but the oppofition will not 
then happen, becaufe Jupiter in the mean time will 
have moved in its orbit towards j. The earth muft 
therefore pafs through the arc e e or 23^ days be- 
fore it overtakes it. Confequently, the angular 
velocity of Jupiter will be denoted by 334,' and 
that of the earth by one whole revolution, (or 365) 
added to 334:> equal to 3984. But as -the pe- 
riodical times are reciprocally as the angular velo^ 
cities, it will be 

* As the angular velocity of Jupiter 334 
Is to the angular velocity of the earth 39S4 
So is the periodical time of the earth 365 days 
To the periodical time of Jupiter 4340 days, 

♦ Smaller fradlions being rejefted, the periodical timei ^re 
pot here exa^. 

I 4 The 
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c The periodical time of Jupiter being thus ob« 
tained, it will be eafy to determite its * heliocen- 

. trie place at any time before or after the oppofition^ 
and the proportion of its diftance from the fun to 
that of the earth from the fun being known> its f 
geocentric place may likewife^ at any dme, be dii^ 
covered. Its proportional diftance is thus found* 

D The figure as before. Suppofe the earth to 
have moved from £ to c> in a given time. From 
the time may be found the quantity of the angle 
£ s c; and in the fame time Jupiter will have moved 
to B J ' the angle j s b being alfo known from its 
proportion to his whole periodical rcvdution. 
Subtradt the angle j s b from the angle j ^ c, and 
the remainder will be the angle b s c. By obfer-^ 
vation find the angle b c s, or Jupiter's elongation 
from the fun. In the. triangle c b s, the fum of the 
^o angles bcs and bsc being taken from i8o 
degrees^ leaves the apgle c b s, Then, by plain 
trigonometry, 

1 ' As the fine of the angle of the earth's 

elongation, when viewed from Jupiter CBa 

Is to the fine of the angle of Jupiter's 

elongation, when viewed from the earth B c 8| 

So is the earth's diftance from the fun c s 

To Jupiter's diftance from ^ the fun BSt 

F The angle of the earth's elongation, when viewed 
froq[t Jupiter, is called Jupiter's annual parallax, 

* Viewed from the fan as a center. 
'I' Viewed froxn the earth asa ^ent^r. 

ind 
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aad is always eqiial to the difference between its 
hdtocentric and geocentric pkce in die eclipdcj as 
m litde conlideration will fliew. 

By fimilar obfenrations on the other fuperior g 
planets^ it is found that their apparent motions 
are attended with circumftances of the fame 
nature as thofe of Jupher, The lame conle<« 
quences muft therefore follow re(pe£ling their or« 
bks^ periods^ and other aflfeftions. 

Thus &r we have fpoken of the appearances of a 
the planets^ as if their revolutions were perfohned 
in drcular orbits, in the center of which the fua 
was fijppoied to be placed. But this is not the 
C3&. Conjondions, oppofidoms, fimilar elonga* 
tbas> or other muoual fituations of the planet^ do 
not return again m exactly the fame dme, and their 
dilfauices from the fun are found to be greater or 
lefs in difieredt parts of their orbits, their angular 
velocities being dways greater when the diftances 
are te& Thus> by die increafed diameter of die i 
fim during the winter half-year, we find that die 
earth's diftance is diminifhed; and that its velo* 
city is increafed, is evinced from the apparent lao- 
tion of die fun, by which it pai&s through the* 
Winter half-cirdc of the eciipric in near eight 
days Ids than it employs to defcribe the fijmmer* 
hal£ By a variety of obfervatioas of elongation or 
parallax, the relative or proportional diftances of 
the planets from the fun^ and their velocities arc 
found fdr every heliocentric polition. , Whence k 
they are proved to revolve in rilipiical orbits, the 

fun 
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fun being placed in one of the foci; and their ve- 
locities are fuch^ that a radius drawn from the fun 
to the pkiict, and fuppofed, to move with it, de- 
icribes equal areasin equal times. 

L The diftance between the center s (fig. 41) 
and one of the foci c of an elliptical orbit, is 
called its eccentricity. The two extreme points 
of the tranfverfe or longed diameter, l and u, arc 
. called the apfides. If the focus about which the 
equal areas are defcribcd be at c, the pbint l 
neareft that focus is called the lower apfis, and u 
is called the upper apfis ; the diameter u l being 
called the line of the apfides. But it is more 
common to fay, that a planet is in its pejrihe- 
lium when at l, and in its aphelium when at u. 
When the earth is an its perihelium, the fun is 
faid to be in its perigee, and. when the earth is in 
its aphelium, the fun is faid tp be in its apogee. 

M From' the generation of the ellipfis (97, t) it is 
evident, that the whole length of the ftring is 
equal to the tranfverfe diampter: becaufe, when 
the point a is at u, the return of the ftring from 
u to the neareft focus c, is exadly equal to the 
part between l and the other focus c, where there 
is no ftring. Let oh be the conjugate, or (horteft 
diameter of the ellipfis, and cg will be equal to 
half the ftring, or half the tranfverfe diameter. 
Suppofe now a planet to revolve in the ellipfis 
about the focus c neareft l. Then cl will be 
its neareft diftance, cu its greateft diftance, and 
^0 its mean diftance. For, co equal to sl, ex- 
ceeds 



BCCENTRICITIBS, NODtS. IIJ 

cec3^ the Icaft diftancc cl by the qus^ntity cs, 
Y/hich b juft as much ^ it falls (hort of cu, the 
grcateft diftance. If therefore the mean diftancc 
CO, and the eccentricity cs pf a planet be given, 
its orbit may be defcribed : bec^ufe the greateft 
ctftance is equal to the fum of the eccentricity 
and the mean diftance 5 and the leaft diftancc is 
equal to their difference. 

The eccentricities, of the planets arc fo fmall, m 
that their orbits approach nearly to circles. 

If the plane of the earth's orbit were extended o 
indefinitely every way, it would mark that circle 
in the heavens which is called the ecliptic, or fun's* 
path. If the orbit of any other planet be lituated 
in this plane, it will always be fecn in the ecliptic, 
^whether viewed from the earth or the fun. But 
if the plane of the planet's orbit be obliquely fi- 
tuated with refpeft to that of the ecliptic, it will 
interfed it in a line paffing thJx)ugh the center of 
* the fun, and the planet will never be feen in the 
ecliptic but when in the points of mterfcftion. 
Thefc oppofite points of the ecliptic are called the 
nodes, and the line of interfeftiorf is called the 
line of the nodes. When a planet croffes the 
ecliptic from fouth to north, the node is termed 
the afcending node^ and when it croffes from 
north to the fouthward, the node is termed the de- 

fccnding node. 

The orbits of all the planets are inclined to the t 

ecliptic in fmall angles. 

CHAP. 
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CHAP. V. 

OP THE AFFECTIONS OF THS' PLANETS. 

Q^ By fuppofing ourfelves in the pkcc of one rf 
iht ancients who difcovcred the order of the pla- 
netary fyftem, we have di^layed in a curfory nian-» 
ner fome of the mod obvious phenomena, and 
pCMnted out their natural confequences. What has 
been faid is fu/Hcient to fliew to thofe who are totally 
unacquainted with the fubjeft, that the do6lrine 
of a iyftem of bodies revolving round the fun is 
not meVeiy ideal, but founded on the moft na-* 
tural dedu^on from the celeflial appearances. • For 
the procefles by which the planets places are dc« 
termined in elliptical orbits, we refer the reader 
to treaties written exprefsly on the fubjed,' 
and in the mean time proceed to note feveral 
of thofe afiedbions of the heavenly bodies, as de- 
termined by the accurate obfervations of modern 
times. 

R Seven planets, Mercury, Venus, the Earth, 
Mars, Jupiter, Saturn, and the Georgium Si- 
dus*, revdve about the fun in orbits included 
within each other, in the order here ufed in men- 
tioning their names. Mercury being neareft the 

•This planet was discovered in the year 1781, by Wil- 
liam HerfcheU Efq. a native of Hanover. 

* 5un; 
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Sun. Thcfc are called primary planets, befides 
ivhich, there are fourteen which are called Secondary 
planets^ Moons or Satellites. The fecondary 
planets reipefl the primary planets, performing 
their revolutions about them, but are at the lame 
time carried round the Sun in the orbit of the pri- 
mary, Saturn is attended by feven Moons, Jupiter 
by four, the Greorgium Sidus by two, and the Earth 
by one, all which, except the laft, are invifible 
to us, by reafon of their fmallnefs and diftance, 
unlers telefcopes be made ufe of Without diis 
inftrument, it would likewife be impoflTible to aC- 
certain the apparent diameters of any of the celeftial 
bodies, the Sun and Moon excepted. The following 
table exhibits fome of the affeftions of the primary 
planets. ■ 



y 
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TABLE OP THE 



Anno 1794* 



Gceateit poliible elon* 
gation of inferior I 
tnd parallax of fu- 
perior planetSy - 



Proportional mean di- 
ftancet from 



\ di. 7 



Periodical revolalions. 



Dinrna} rotations* - 



- 
fl. 



Place of the aplieliatn, 



Proporti 
the 
meter 



Inclinations of their 
orbits to the ec 
tic. 



theirl 
sclip- > 



Eccentricities', 



Place of the afcending 1 
node, - - J 



tion of axis to*! 
equatorial dia- > 
!r, - - J 



Greateft apparent 
meters. 



dia. 'J 



Diameters, if feen at 
the fun*s mean di- 1 
ftance, or propor-l 
tional diameters. 



DiameCers in geogra- 
phical miles; thati 
of the fun being 
762490,^ 



Mean di^ances from"! 
th^ fun in femidia- > 
meters of the earth, J 



Mean diftances from^ 
the fun in geogra-,> 
phical miles, - J 



Proportions of light] 



MXRCUBY. 



%%^, 10' 



38710 



Syd. 23 h. i5§m. 



Unknown.^ 



7^. 00' 



7960 



I f. I5deg.46|m. 



8 f. 14 d. 13 m. 



Unknown* 



11'/ 



»/' 



2782 



9210 



31671900 



668 



V£NUt. 



47«. 4«' 



Eakth. 



4^ m 



72333 



224 d. i6h. 49|m. 



23 h. 22» m< 



3" *3 V 



510 



2 r. 14 d.4^m. 



10 f. 9 d. 38 m* 



Unknown* 



58'/ 



18". 7 



100000 



365 d.6 h. 9f in. 



23 h. 56 m. 04 f. 



* * * 



9 ^ I 



6180 



Mt m m 



9 f. 9.d. 15J m. 



2289 to 2300 



ifK 3 



6637 



687Si 



172 10 



23799 



59181700 



191 



81818400 



100 
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Mars* 


- Jupiter. 


Saturn. 

• 


GioRotuM SiDUS, 

17U2. 




47*. 24' 

• 


ii*^. 51' 


6'. 29' 

1 


3'. 4l' 

■ 


\ 


152369 


i 

520098 


V 

953937 


• 

190342 I 




686d.23h.30j^. 

1' 


4332d.8h. 5i|in. 


1076 id. 14 h. 36|in. 


304454. 18 h. 




Z4 h. 39 m. !.'£, f. 


9 h. 56 m. 


10 h. 16 m. 0,4 s.' ' 

1 . 


Ifnknown. 




. «•. 51'. 


1 
1*19 1' 


»^ 3oi' 


46' I*'' 




1 14218 


25277 


53163 


4759 




" .' ■■■■ 

I /. 17 d. 59 m^ 


3 r. 8d. 50 m. 


3 f. 21 d. 48 1 in. 


3 f« 13 d. I m« 




5 f • 2 d. 6} m. 


6 f. 10 d. 57 \ m. 


9 r; d. 45 |m. 


iif. 23 d. 23 m. 




1272 to 1355 

• 


13 to 14 


xb to ]!• 


. Unknown* 




*s" 


46" 


20" 


4" 


» 


9"! 


• 

193". 7 

« 


171". 7 


74". 5 




3617 


76982 


68238 

1 


34»i7 




36262 

• 


X23778 


227028 


453000 




II4666O6O 


425536000 


780395100 


1557350000 


1 


43 


3.7 


J. 1 


0. 276 
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C H A R VI. 

OF PARALLAXES, AND OF THE TRANSIT OF VEfiVS. 

One of the moft ufual methods of meafuring 
inacceflible diftanccs, is by means pf two ftations 
whofe diflance from each other is know, and the 
angles formed at each ftation between lines lup- 
pofed to be drawn frorti the diftant objeft to them, 
and the line that joins the ftations to each other. 
Thus the diftance between a and b (fig. 48) being . 
known, as likewife the angles cab and c b a, the 
diftance^ a c or b c'may be readily found by plane 
trigonometry* 

Suppofe the objeft c, when .viewed from b, 
(fig. 48) to coincide with another obje6k s, which 
is at a diftance indefinitely great; then the objedi: 
c will ndt appear to coincide with s, when viewed 
from A, For s, on account of its* great diftance, 
will be feen in the line as, parallel to j^s; and c 
will be feen in the line a c, the angle sac being 
the difference between the apparent placJes from 
A and b. This angle, becaufe of the parallels a s 
and B s, will be always equal to the angle a c b, 
and is by aftronomers called the parallax* It is 
ufually diftinguifhed by fome appellation relative 
to the nature^ of the line a b : for inftance, it is 
called the annual parallax, when a b is the radius 
of the annual orbit; the diurnal parallax, when 
A B is the femidiamctcr 6f the earth, &c. 

It 
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PARALLAt* I2A 

It IS ftarcely neccflary td obferve, that ^e longer ir 
the line A B is in proportion to the diftance of c, the 
greater the angle a c b, and that in >nioft pradtical 
cafes, the greater the angle the lefs is the diftance 
afFedted by any fmall error. It is therefore requi- 
Tite diat the bafe a b be as large as poflible or con*- 
vcnient. 

The diftances of .the planets were found by tri- v 
gonometry> the diftance of the earth from the fun 
being afTumedas a bafe. But as that bafe cannot 
adlually be meafured, the diftances are only pro- 
portional or relative, the bafe being fuppofed to be 
divided into looooo equal piarts; but whether 
thofe parts be miles, leagues, or anfwer to any 
other denomination of length, was not determined* 
The real diftances ttiuft be difcovcred by a paral- 
lax whofe bafe is J^nown. 

The dianieter of the earth is in general ufed as w 
the bafe for determining, the diftances of celeftial, 
objeAs by ^ their parallax, which parallax is •found 
tts follows. 

Let A o B (fig. 49) reprefent the earth, c its cen- x 
ter, and z the zenith or point in the heavens, fituated 
perpendicularly over the point o at its furface. Then 
e H will be the rational horizon^ and o k the fenfiblc 
horizon. Suppofe a fpe<5lator at c views a celeftial 
objeft at z, the revolution of the e^rch will caufe 
it to move apparently through the quadrant z h in 
fix hours, at the end of Which time he will fee it in 
the horizon at^rt* But to a fpeftator at o it will ap- 

VolI. K pear 
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pear in the horizon when at k, after pafling through 
the apparent quadrant or right angle z o k, in a time 
as much lefs than fix hours as the arc z k is lefs than 
% H, or 90 degrees. Hence the time of an objeft's 
pafling between the zenith and fenfiblc horizon 
being known, tHe angle o k c, or horizontal paral- 
latx may be found. For, as fix hours is to 90 
degrees, fo is the time obfcrved, to the arc z k, which 
being taken from 99 degrees, leaves the arc kh 
meafuring the angle k c h, which is equal to o k c^ 
or the horizontal parallax. 

The horizontal parallax being difcovered, the 
diftance of the objeft follows by this analogy; in 
the triangle o k c. 

As the horizontal parallax, fine - - o k c 
Is to the earth's fcmidiameter - - - o c 
So is radius - - - fine - 90? 
To the diftance - . - - ck , 
The fixed ftars have no parallax, either hori- 
zontal or even anhual, whence it follows,* that their 
diftances are beyond all comparifon greater than 
that of the earth from the funi ' 

J It is obvioufly unncceflary in obfervations of pa- 
rallax to. wait till the objedt has defcribed the whole 
apparent quadrant z k (fig. 49) : for, when it is 
arrived at e, the angle z c e may be known from 
the time^ and zo£ from obfervadon, and their 
difference will be the angle of parallax oec: fo 
that in the triangle oec are given two angles, and 
the fide oc, fron^ whence the other parts are eafily 
found. 

7 Obfer^ 



sun's parallax. Jjt 

' Obiervations of parallax are conveniently made b 
by the help of the fixed, ftars. Thus,' if the objc<5t 
E when at 2 be feen in a given pofition with refpedt 
to a fixed ftar, it will continue to have the fame 
pofition when arrived at e, provided the fpcAator 
be at c; but if the fpeftator be at o it will be feen 
deprcflcd below its former pofition by the quantity 
of the parallax doe, becaufe the ftar has no parallax, 
but is feen in the fame apparent place either from b 
ore. 

The Sun's parallax is fb exceedingly fmall, that c 
the befl inflruments in the hands of the moft fkilfut 
obfervers, hav^ fcarcely efFefted more than to fhew 
that it has one. To remedy this, the horizontal d 
parallaxes of the nearer planets have been attempted, 
^ particularly of Mars, when in oppofidon to the Sun, 
this pbnet being then as near again to the Earth 
as the Sun is,"" and has therefore a parallax twice as 
great. But as this parallax is not found to exceed 
hair a minate of a degree, the unavoidable uncer- 
tainty of obfervation, and other daufes, render it ' 
not fufficienriy exaft to determine the Sun's diftancc. 
within a 30th part of the whole. It is eafy to com- 
prehend how the Sun's diftance may be found when 
the.diflance of Mars, from the Earth, in oppofidon, 
is known.' Thus, if s' (fig. 50) be the Sun, e 
the Earth,_and m Mars, in oppofition, then em 
will be the diftance* of Mars from the Earth, and 
alfo tjie difierence between ms and es, or the re- 
ipe£liv6 diflances of Mars and the Earth from the 

K a Sum 
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Sun. The proportional diftanccs are known. There* 

fore. 

As the difference between the proportional dif- 
tances of Mars and the Earth from the Sun, 

Is to the proportional diftance of the Earth froift 
the Sun; 

So is the diftance between the Earth and Mars in 
oppofition, or the difference between their real dif* 
tances from the Sun, 

To the Earth's real diftance from the Sun* 

Several other methods were deviled by, the anci- 
ents for difcovering the Sun's parallax, which, 
though they fhew the fagaclty and* penetration df 
their inventors, are lefs fufficicnt for the purpolc 
than the foregoing. We (hall therefore omit men- 
tioning them, and give a fhort explanation of that 
for which we are indebted to the great Dr. Hal- 
Icy, by which the diftance of the Sun is determined 
with greater accuracy than by any other method* 

The planet Venus, as has been Ihewn, paffcs 
the Sun twice in revolving from any pofition of 
elongation to the fame pofition again (105, c). 
At thofe times this planet is faid to be in conjunct 
^on with the Sun. ' 

When the planet Venus is fituated in a line be- 
tween the Sun and the Earth, it is. faid to be in 
its inferior conjun<Stionj and when it is in the oppo- 
fite part of its orbit, the Sun being in a line between ' 
at and the Earth, it is faid to be in its fuperior 
conjunftion* If the orbits of the Earth and Venu3 

were 
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were in the fame plane, it is evident that Venus 
would pafs behind the Sun with a dired motion 
every fuperior conjun6tion, and would pais over 
its*difc, or before it, with a retrograde motion 
every inferior conjunftion. But as Venus's orbit 
is inclined to the ecliptic in an angle of about 
3t degrees, this planet will, in general, pais, to the 
northward or fouthward of the fun, ?ind will only 

. be vifible on its difc when the inferior conjunflion 
happens at or near one of the nodes. This hap- 
pens biit once (or fometimes twice at an interval 
of about 8 years) in more than lao years. 

To fliew how this tranfit is applied to the pur- h 
pofe of finding- the' Sun's diftance, we Ihall pafi 
over thofe elements that enter into the computation 
previous or fubfequent to aftual obfervation, and 
(hall only f xplain the general principles on which 

* the method is founded, / 

Let s (fig. 51) reprefent the Sun, e the Earth, i 
V, u, w, the planet Venus in different pofitions^ 
the arc L N a part of the Earth's orbit, and the arq 
o M 3 part of the orbit of Venus, Then^ becaufe 
the angular velocities of Venus and the Earth" arc 
known, as alfo their proportional diftances, it will 
be ealy to compute the time Venus will employ in %.: 

paffing through the arc v w, which, when viewed 
from the Earth, is equal to the known diameter 
(or, chord) of the Sun c p; the heliocentric value 
or length of the arc v w may likewife be readily 
found. Suppofe then an obferver at a on the 

* Sarface* 
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Earth*s fufface to view the planet Venus at v, it 
will appear juft entered within the Sun's dife at c, 
and pafling in the arc v w, will appear to defcrib^ 
the line c d, arriving at d at the end of the cptn- 
putcd time. But during this time the obfervcr 
will, by the Earth's diurnal revolution, be carried 
from A towards p; and arriving at p at the lame 
inftant that Venus arrives- at u, will behold the 
tranfit juft finifhing at d : confequendy it will be 
of a duration proportionally- as much fhorter than 
the computed time, as the heliocentric arc v u i$ 
IhOrter than vw. The arc vw is known by com- 
putation, therefore, fince Venus's mo^on inay ii^ 
yery fmall arcs be reckoned uniform, 

As the computed time 
Is to the computed arc VW;^ 
. So is the obfervcd time 
To the arc r vu; 

which being taken from yw, leaves (:he arc uw^, 
that fubtends the angle u d v. This laft angle is 
^he parallasf: of the bafe aps and the bafe ap is 
found by the analogy 

_ As one day or 24 hours 

Is to the circumference of the earth (or paral- 
lel of latitude) 
So is the obferved time 
To the arc a p, whofe chord is the bafe. 

But becaufe the minuteft errors in a bufinefs of 
diis nature are of very great confcqutsnce, and be- 
caufe 
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caufe die length of the arc v w, depcndixig on the 
Sun's diameter^ can Icarcely be obtained by calcula- 

« 

tion to that extreme degree of exaftnefs, which is 
rcquifite, it is advifeable to take another obfervation 
on a place fi> fituated on the earth> that the obferver 
being carried in a direction apparently contrary to 
the formeo the errors may counteract each other. 

Let the reprefentations* be as in the laft figure, l 
If the fun have declination at the time of the 
tranfit^ b (fig. 5a). will reprcfent the pole towards 
vrhicb the fun declines. The obferver at a, if at 
reft, would behold the tranfit during the time 
Venus pafles from v to w, but being by the Earth's 
diurnal revolution carried (iom a through the arc 
A E p to p^ and arriving at p at the inllant in which 
Venus arrives at u, he will perceive the tranfit 
juft finiftiing at Dj confequently its duration will 
be as much longer than the computed time as the 
heliocentric arc v u is longer than v w. v u being 
found by the before mentioned analogy, the diP* 
ference between v u and v w is w u, or the parallax; 
of a p, as before. 

Now/ in thefe two cafes>, a fimilar error- will Af 
have a contrary effcdt in the .firft to that which it 
has in the latter. For if by any error, the com- 
puted arc vw (fig. 51) be taken too large, the 
a(c uw, and confequently the parallax will come 
out too great. . But in the latter obfervation, if the 
computed arc vw (fig. 52) be taken too large, , 
the arc wu, and confequendy the parallax will' 
wmc OW too Uttlc. Therefore the mean bctweea 
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two. fuch obfcrvations will be much more tq be 
depended on th^n either fingly. 
N By obfervations on the tranfits of Venus ovc^r 
the Sun in the years 1761 and 1769, the Sun's 
mean parallax was found to be 8-J feconds, and 
hence the Sun's diftance is deduced to be very near 
1 1 900 diameters of the Earth, or 8181 840o*geo- 
graphical miles. 

The laft three articles in Chap. V. concerning 
. the afFeftions of the planets are deduced (rqm this 
Jiftancc; for. 

As the proportional diftance of t^e earth 

Is to its real diftance. 

So is the proportional diftance of any othcf 
planet 

To jts real diftance. 

f A geographical mile Is ^ part of a degree of the earth, 



CHAP. 
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CHAP. VII. 

01 THE SECONDARY PLANETS. 

The fecondary planet^, as was before obferved, o 
jtre ten in number, five of which defcribe orbits 
^bout the planet Satym, four about Jupiter, and 
pne accompanies the Earth. The fecondaries of 
Saturn and Jupiter arc obferved by the tclefcopc, 
and by their motions in elongation to the eaftward 
or weft ward of their priniaries is obtained the 
knowledge of their diftances and periodical times, . 
in the fame manner as iias been already^ Ihewn 
and explained in the planet Venus. Saturn 
is likewife attended by a phenomenon, which to 
i}S appears to be a large broad ring, of no vifible 
'thicknefs. Its breadth is equal to its diftanpe from 
the body of the planet, and its diameter is to that 
of Saturn as 9 to 4. The moft probable conjec- 
ture is, that it conftfts of a vaft member of fatel- 
lites, which revolve in, and enlighten that region. 

Of the two moons of ^ the Georgium Sidus, the p 
periodical times: Firft, 8^ 17^ 1" 19'j Second, 13* 
}l^ 5° It* Diftances: Firft, 33^; Second, 44^ 23. 
-r^Of Saturn's feven moons, the periodical times : 
Firft, I* 21^ 19" J Second, 2' 17^ 41"; Third, 4* 
Ijh 4y". Fourth, 15* 22*" 41"; ' Fifthj 79^22^ 
41"; Sixth, i^ 8^ 53" 9*; Seventh, o^ 2a»» 4o4". 
^— Diftances m femidiametcrs of the ringi Firft, 

ItwJ Second,, 2 A> Third, j.Wi Fourth, StItt; 
jFifth, 23tV-^; Sixth, 35/''o58j Seventh, 27.^356 

.^Qf Jupiter's four moonsi^ the periodical times : q^ 

^ • ' • * Firft, 
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Firft, I'* 18^ 517"" 33' i Second, 3^ ijh 13" 42*; 
Third, 7* 3^ 42™ 33*5 Fourth, 16^ 16^ 3-2'" Z\ Di- 
ftaiKcs in femidiameters of Jupiter: Firft 5 ^ 
•Second, 9r44-55-; Third, 14 -rVsVi Fourth, 25T 

All the planets, both primary and fecondary, 
receive their light from the Sun. This is evi- 
dent, bccaufe that face only is enlightened which 
is turned towards that luminary, «s may be more 
particularly ken in our Moon, a greater or lels 
part of which is vifible, according to the pofition 
in which we Ite for viewing the illuminated face. 
The fame varieties are feen in the planets Mars 
and Venus, not to mention the tranfits of Venus and 
Mercury over the Sun, at which time they appear 
as black unenlightened fpots. The phafes of Ju- 
piter aud Saturn are always round and full, bc- 
caufe the Earth is fo near the Sun in refpefl to 
their diftances, that their dark fide can never be 
fenfibly turned 'towards us; yet, that they arc 
opaque, is evident from the difappearing of Jupi- 
ter's moons when they enter into it^ fliadow. And 
though by reafon of their vaft diftance the like ob- 
fcurations of the fatcUites of Saturn cannot be 
obferyed, yet we can plainly fee that the ring ' cafts 
a fhadow on its body: whence we may be cer- 
tain of the opacity of both : for if the ring were 
not opaque it could caft no fliadow, and if Saturn 
ftione by any native light of his own, the inter- 
ception of the Sun's light would caufe no defefl: 
or Ihadow on his body. It is unnecefrary to ob- 
ferve> thai the Earth and its Moon are Illuminated 
only on that>part or fide on which the Sun fliines. 

Whca 
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When one planet intercepts any part of the Sun's s 
light from another, the planet from which the 
light is intercepted is faid to be eclipfed, if it be a 
fccondary, Btit if they are both primaries, the in- 
ferior planet is faid to make a tranfit. When the 
moon intercepts the Sun's light from the Earth, it 
is ufual to fay the Sun is eclipfed, though, properly 
Ipeaking, it is the Earth that is eclipfed. 

There are three ways in which the fatellites of t 
Jupiter or Saturn may dilappcar from an obferver 
placed on the Earth. Thus, let s (fig. 53) repre- 
fent the Sun, e the Earth' in its orbit, j the pla- 
net Jupiter and its moons. Then the outermoft 
fatellite, for example, will difappear on the enlight- 
ened face of Jupiter when at its inferior conjunc- 
tion M. It will alfo difappear at its fuperior 
conjunftion n, being hid behind the body of the 
planet. And laftly it will difappear when at o, 
being eclipfed in-paffing through the fhadow of 
Jupiter. 

From thefe confideration^ is obtained a good u 
method of finding the parallax of the Earth's annual 
orbit. For which purpofe the inftant of the iatel- 
lite's firft difappearance behind the body of Jupiter 
muft bexarefuUy obferved, as like wife the inftant of 
its re-appearance: the middle inftant will be that 
of the fuperior conjunftion at n. In like manner, 
the middle-inftant of the eclipfe at o muft be found. 
The time 'the fatellite employs in paffing throy^ 
the arc n o will thus be known, and confequendy 

the angle n j o. For, 

As 
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^s the periodical time of the fatcUitc 
Js to the time of pafling the arc n o. 
So is the whole orbit of 360 degrees 
To the angle n j o." 

But the angle n j o is equal to the angle e j $> or 

the annual parallax. 

V By the obfervations of thefe eclipfcs, the difcovery 
of the longitude on fhore is eafily obtained^ but the 
violent motion of ihips at fea has hitficrta prevented 
the ufe of tclefcopes on board proper for this purpofe, 
though there are good reafons to believe that this 

V difficulty is not infurmountable. Fron) thefe obfer- 
vations it alfo appears, that light is not propagated 
from luminous bodies in an inftant, but paflfcs 
through a given fpace with an affignable velocity. 
This velocity is extremely great, for it paffes through 
the whole diftance between the Sun and the Earth 
in about eight minytes ; that is to fay, at the rate 
of one hundred and ieventy thoufand miles in a 
fecond of time. For the periodical times of the , 
fatellites being known, it is not difficult to deter- 
mine the precife time of any of their edipfes. But 
it is found necefTary to make an allowance for the 
pofition of the Earth with refpeft to Jupiter, fince 
the ecjipfes happen fooner when the Earth i? at f, 
(fig. 53) in its orbit, than when at a greater dif- 
tance, fuppofe at E; and as it is abfurd to fup- 
pofe, that the pofition of the Earth fhould fenfibly 
and equally affeft the periodical revolutions of 
bt)dies fo vaflly remote, and revolving in fuch dif- 
ferent periods^ it is an ppinion univcrfally received, 

and 
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confirmed by other obferyations dn the light 
le fixed ftars*, that the eclipfes happen later 
thd Earth is at e than when at f^ becaufc the 
muft in thfe latter cafe pafs through a fpace ad . 
;h grciater as the line J £ cxcfccds j n 

C H A 1>, VIIL 

OF THE MOON^ 

SfHAt the Moon revolves round the Earth, is x 

oved from its apparent diameter, which continues 
all times, and in all pofitions, nearly of the 

n)c magnitude, whence it may be eafily inferred, 
t its diftance from the Earth is nearly at all times 

e fame. Its horizontal parallax, which at a me- 
ium is about 57, fhews that it is very much nearer 
o us than the reft of the celeftial bodies. 

The moft remarkable appearance in the Moon is y 
jtht continual change of figure to whicli it is fubjeft. 
Sometimes it appears perfc6lly full or circular, at 
other times balf-illuminated, and at other times 
inorc , or Icfs than half j ch^ging through a very 
jgreat variety of figures. Thcfe changes being always 
the lame at the fame elongation from the Sun, arc 
a proof that it receives its light from that luminary: 
Jfor the Moon is enlightened only on the fide that , 
faces the Sun ; and a greater or lefs quantity of that 
cnli^tened part is vifible to us, according to our 

* The aberration of the fixed ftars arifing from the progrcf-^ 
five motion of light> will be explained in Bpokll. Sedl. I. 

pofition. 
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pofition* This cannot be better illuftratcd than by. 
an ivory ball, which lacing held in the Sun in vari- 
ous pofitions, will prefent a greater _or lels part ^pC 
its illuminated fide; to the view of the obferver. 
If it be held nearly in oppofition, fo that the eye 
of the obferver may be: almoft immediately between 
it and the Sun, the greateft part of the enlightened 
fide will be fcen. But if it be moved in a circu- 
^r orbit towards the Sun, the vifible enlightened 
part will gradually dccreafe, and at laft difappear 
when the ball is held direftly towards ftic Sun. 
Or, to apply the experiment more immediately t(> 
our prefent purpofe; if the ball at any time, when 
the Sun and Moon arc both vifible, be held dire&ly 
between the eye of tho» obferver and the Moon, 
' 'that part of the ball on which the Sun fliines will 
appear exadlly of the fame figure as the MooA 
itfelf. 

2 The Moon's path or orbit is incKned to the p^e 
of the ecliptic, in an angle of about five degrees and 

A a quarter. Its periodical revolurion is perfortned 
in twenty-fevcn days, feven hours, forty-three mi- 
nutes, eleven fecondS and a half; but becaufe, 
during that time the Sun, by its apparent motion, 
advances confiderably in the cclipric, a Ipace of 
about two days and a quarter is required by the 

B Moon to overtake it. When the Moon is as nearly 
in a line between the Earth and the Sun as the in- 
clinarion of its orbit will allow, it is called the New 

c Moon J and when the Earth is in like manner 
between the Moon and the Sun, the Moon is faid to 

be 
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be full. The time between two fucceeding full p 
moons is called the fy nodical revolution, and 
exceeds the periodical revQlution, for the reafon 
already given, it being performed in twenty-nine » 
days, twelve hours, forty- four minutes, and three 
feconds. If the new or full Moon happen near the e 
nodej an cclipfe takes places at the new Moon, 
the Moon being interpofed between the ^ Sun and 
Earth, occafions an eclipfe of the Sun; at the full, 
the Moon entering into the ftiadow of the 'Earth, is 
deprived of the Sun's light, the Earth being inter- 
pofed between it and the Sun: which phenomenon 
is called a lunar eclipfe, or eclipfe of the Moon, 
At other times, that is, when the new or full Moon 
happens at a diftance from the node, the Moon pafles 
too far to the northward or Ibuthward of the eclip- ' 
tic, cither to intercept the Sun's light from the. 
Earth, or to enter the Earth's (hadow, and confe- 
quently no /eclipfe'happens. 

It is determined from obfervations of angular f 
velocity, parallax and apparent diameter, that the 
Moon revolves round the Earth in an elliptical 
' orbit, in the focus of which the Earth is placed : 
and that its velocity is fuch, that a radius joining 
its center with that of the Earth does very nearly 
defcribe equal areas in equal times. 

The lino of the apfidcs, or principal diameter g 
of the Moon's orbit, is hot fixed or llationary, but 
revolves with an irregular or libratory motion from 
weft to eaft : compleating one revolution in almoft 

aine years. 

The 



I 

H The line of the nodes is alfo fubje^ to a fikd 
irregular motion from eaft to weft, which is ^otnt-^ 
pleted in almoft nineteen years. 

r The variiation of the Moon's motion in anjr 
part of its of^it is the difference between its real 
motion and that which it would have had, pro- 
vided it had defcribed equal areas in equal times: 
This is governed chiefly by its elongation froni 
the Sun. During the firft quarter its velocity is 

, diminifhed; in the fecond quarter; from the qua- 
drature to the oppofition or full Mobile it is in- 
creafed; in the third quarter, from the oppofition 
to the laft quadrature, the velocity is agairi dimi- 
nifliedi and from that quadrature to the cdri- 
junftion, its velocity is again increaled. The 
quantity of angular motion loft exceefds the .quan-s. 
tity gained : therefore the whole periodical rcJvolu-i 
tion is performed in a longer time than would h^vfc 
been employed if the Moon wefe fubjedt to no 
fuch variation, but defcribed equal areas in equal 
times. 

K This variation, and confequently the retardation 
of the periodical time, is greater when the Earth iS 
in the perihelium, and lefs when the Earth is in 
the aphelium: whence it cofrres to pafs, that aH 
the Moon's revolutions are not equal, but are per- 
formed in lefs time in the latter fituatibn than in 
the former. 

h On all thefe, as well as other accounts, the de- 
termination of the Moon's place in the heavens 
for a given inftant of time has ever been a pro-^ 

6 bkm 
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bicm ©f great difficulty, which titt ^ late years 
has not been folved to any confiderablc degree 
of exadtnefs. Within the laft twenty years the 
Comraiffioners, appointed by the Englifli goverji- 
ment for the difcovery of the longitude, have par- 
ticularly attended to this branch of aftronotny, and 
by publifhing almanacs in which the Moon's elon- 
gation from the Sun, and from certain fixed ftars^ 
is afccrtaincd for every three hours, have enabled 
navigators to determine the fituation of Ihips at fca 
in general within thirty miles of the truth. This 
is an. advantage of lingular ufe in long voyages, and 
is at prefent much ufed in the royal navy, and Eafl: 
India Company's (hips. 



CHAP. IX. 

CONCERNING THE ECLIPSES OF THE SUN AND 

MOON. X ' \ 

We have feen in what manner the periodical re- . 
volutions of the celcftial bodies, together with the 
figure, magnitude, and pofition of their orbits, 
may be relpedlively determined by obfervations 
made on their apparent motions and fituations. 
From the properties of the ellipfis, and the efta- 
blilhcd law of their velocities (121, k), or other- 
wife, more, immediately from the confideration of 
gravity (98, w, x), aftronomical tobies are com- 
puted, by which the places of the heavenly bodies 
may be found for any inftant of time. The con- 

VoL. I. L ftruftion 
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ftruftion and ufe of thefe would lead us tO0&ur 
firom die concife and exterior view of phenomena 
that our limits require: we fliall therefore aflume^ 

^ as a thing granted of courfe^ that the place of any 
cekftial body may be found for any given inftant 
of time. 

N The eclipfes of the Sun and Moon are pheno- 
mena that command the attention even of the 
vulgar^ who have always retained a fuperftitious 
Veneration for the fcicnce of aftronomy, chiefly 
on account of the means it aflPords of foretelling 
events of this nature. And though in reality the 
knowledge required in calculating an eclipfe does 
not effenrially differ from that employed in deter- 
mining the time of the riling and fetting , of the 
Sun or Moon, yet there is no doubt but a more 
particular attention to this fubjed: will be accept- 
able to the reader. 

o As the fliadows of the Moon and Earth are the 
caufcs of eclipfes, it will be neccffary firft to deter- 
mine the ^gure of thofe ifaadows. Becaufe the Sun, 
th< Earth, and the Moon are fpherical bodies, it 
follows that the ffaadows of the two latter muft be 

p either comcalW cylindrical that is to fay (fig. 54), 
if the Sun i k be kfe than the Earth c d, the fhadow 
of the ktcer will be part of a cone, whofc feftion 
is terminated by the lines c £, d f, and whofe bafe 
is indeSnicely diftant: or, if the Sun a b be equal 
to the Earth cd, the fhadow will be a cylinder 
betw^n the lines c c, d h, whofe bafe is indefi- 
nitely diftant* In either xafe the fhadows of the 

Earth 



i£arch xnay coni^uenfly fall i^on and eclipfe the 
iiiperior plaaets> when in dired oppofition to the 
^un. dut this never happens^ and therefore the Sun 
is neither k(s than, nor equal to, die Earth, but 
greater. We know moreover, from the Sun's pa- 
rallax (136, n), that it is much greater than the 
Emth, becauie the Sun's diameter, feen from the 
Earth is about 32 minutes, whereas the Earth's q^ 
diameter fecn from the Sun is (126) only about 
17 feconds, a quantity that may be' regarded as 
\ infenfibfe, or inconfklerable in many obfervations. 

^ And fincc the Sun exceeds the Earth in fo high a r , 

L 'proportion, it muft of neceffity be yet greater with s 
regard to the Moon, becauie this iail is lefs than 
the Earth. Let ab (fig. 55) reprefcnt the Sun . 
greater than the Earth c d. The rays of light ac, bd, 
pafllng from the extreme edges of the Sun, and in 
I contaft with the Earth on the fame fide, will after- 

1, wards meet or crofs in the point k. No part of 
tlie Sun's light will appear within the cone c k d, 
which is therefore the ihadow in which an obfervcr, 
being placed, would be totally deprived of the Sun. 
But there will be a partial fhadaw or- penumbra 
[ between thofe rays a d m , b c l, that pafe from the 
extreme edges of the Sun, and touch the oppofite 
extremes of the Earth: that is to fay, an obferver 
between the lines c l and d m, but without the dark 
con^ c K b, will lee only a part of the Sun, the reft 
being hidden by the interpofition of the Earth: the 
quantity of the Sun thus obfcured will be greater, 
and the penumbra darker, the nearer the obferver is 

La ' placed ^ 
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placed to the cone c k d, JLaftly, if die obfcrver 
be fituated beyond the vertex of the dark (hadow k, 
between the lines k n> k o> formed by the continua* 
tion of the extreme rays, he will behold the exte- 
rior parts of the Sun forming a lucid ring, envi- 
roning the E^arth on all fides. 

T The angle ,c k d, at the vertex of the Earth's 
fhadow, is equal to the difference between the 
diameter of the Sun, feen from the Earth or angle 
A c B, and the diameter of the Earth feen fix>m the 
Sun, or angle c b d *. Or, if the Earth's apparent 
diameter from the Sun (147, O ^ rcjefted as 
inconfiderable, the angle of the (hadow will be 
equal to the Sun's apparent diameter. 

u The angle c 1 d, at the vertex of the penumbra, 

' is equal to the fum of the diameter of the Sun feen 
from the Earth, or angle a c b, and the diameter 
of the Earth feen from the Sun or angle cad: or, 
if the Blarth's apparent diameter from the Sun 
( ' 47 J ' Q^) be rejedted as inconfiderable, the angle 
of the penumbra is equal to the Sun's apparent 
diameter. 

V The apparent diameter of any fedion e f, of the 
(hadow, fuppofed to be viewed from the Earth, 
namely, the angle £ d f, is equal to the excefs of 

* Euclid L 32. is repeatedly ufed in what immediately fol- 
lows: that is to fay^ in any triangle b c ic, the outward angle 
A c B formed by prolonging one of its fides, is eqaal to the 
fum of .the two inward oppofite angles c k d, c b d : and con- 
fequently, that one of the two laft-named angles, or c k d. 
Will be equal to the difference between the external 'angle 
A c^B and the other interior oppofite angle c b d, 

^ the 
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the Earth's apparent diameter fctn from the place 
of iediotij ,namely> the angle ^ e d, beyond the 
angle at the vertex of the fhadow c k d : or, if the 
angle of the ihadow (148, t) be taken as equal to 
the Sun's apparent diameter, the apparent diameter 
of any feftion of the fliadow feen from the Earth 
will be equal to the difference between the appa- 
rent diameters of the Sun and Earth, as feen from 
the place of feftion, this laft diameter being greateft. 

The apparent diameter of any fe&ion o h, of the w 
penumbra, fuppofcd to be feen from the Earth, 
namely, the angle o d h, is equal to the fum of the 
Earth^s apparent diameter feen from the place of fee- 
don, namely, the iangle cod, added to the angle at 
the vertex of the penumbra c i d. Or, if the angle 
of the penumbra (148, u) be taken as equal to 
Uie Sun's apparent diameter, the apparent diameter 
of any feftion of the penumbra feen from the Earth 
will be equal to the fum of the apparent diameters 
of the Sun and Earth> as feen from the place of 
ledion. 

Every thing that has been here fhcwn refpefting x 
the ihadows of the Earth is true in like circum- 
ftances of the Moon (147, s). 

To apply thefe obfepations to the fafts, let a b y 
(fig. 56) rcprefcnt the Sua, cd the Earth, and 
I K or L the Moon in its orbit k M n ; let the Moon 
be at I K, between the Sun and Earth; its total 
jhadow may then entirely deprive a part of the 
Earth at o of the Sun's light, and its penumbra 
wiU caufc a partial cclipfe of the Sun to the inhabit 

L 3 tants 
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z tants betwecfi g and h. Again, fappofe the Mooq 
to be at L, and it will itfclf be eclipfed by the bter- 
pofition of the Earth between it and the Sun. In 
lunar eclipfes, the Earth's penumbra is not attended 
to, becaufc its cffcfts in obfcuring the Moon cannot 
be obfervcd with preciHon by a fpeftator placed 

on the Eartbf 

A It has already been obfervcd ( 143, e), that ecKpfea 
can only happen when the Moon is near 011^ of the 
nodes of its orbit. Let abm (fig. 57) rcprefcnt 
the Sun, viewed from the Emh, c d a portion of 
the ecliptic, or Sun's apparent path, and b ? a part 
of the orbit of the Moon ; which planet is reprc- 
fentcd at different times by the circles o, h, i. It 
is evident, that the eclipfe or obfcuration of the 
Sun entirely depends on the* pofition of the node 
N, and the angle of inclination f n o. If the ^ngle 
of inclination remain unaltered .while the node m 
is very remote from the center k of the Sun, the 
points K and l may be farther apart than to permit 
any occultation or apparent contadt; and it is clearji 
that an enlargement of the angle f n o may produce 
the fame efFeft: on the contrary, an approach or 
coincidence of n with k;, or a diminution of the 
angle end may caufe an eclipfe, the quantity of 
obfcuration iit which will he fo much greater, as 
thefc circumftances are more prevalent. 

B The Sun's place k in the ecliptic (146* m) being 

known from tables, together with the inclination of 

the Moon*^ orbit, the place of the node, and of 

^e Moon itfelfi as^ likewife the apparent diameters 

4 . of 
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of ^e luminaries tdCpodivdy, it will be tnfy to ^ 
find the velocity of the Moon in elongation^ and 
coniequently the beginnings middle, end, quandt/ 
of obicuration, and other requifites concerning the 
eclipie. If the computation be made from the ta- c 
bular places of the heavenly bodies, the refiilt will 
give the cclipfc as fecn from the center of the Earth, 
becauie, in all tables where iht Earth is ipoken (^, 
that center is meant, except otherwife mentioned. 
But it is required to determine the particulars of the d 
eclipfe for a given place on the Earth's furfac^ and ' 
this includes .die confideration of parallax. The 
Sun's parallax being very minute (136, m) may in 
this, and n\o% odier cafes, be rejefted: but the 
Moon's parallax is fb great, that it is at kaft of as 
mudi confequence as any other element whatfb- 
ever. For, on this account, die Moon's apparent 
path, as feen from the furfece of the Earth, is fo 
different from that which it would have when beheld 
from the center, that the lame conjunftion which 
gives a total eclipfe at one place fhall not occafion 
the imalleft obTcuration of the Sun when beheld at 
the fame inftant from another part of the Eardi. 

This method of computing a folar eclipfe is very % 
operofe. For the 'Moon's parallax at any time paft 
or to come cannot be had without finding its al- 
titude byfpherical trigonometry, and other com- 
putations muft then be made to deduce the ap- 
parent pofitions of the Sun and Moon with their 
relative velocity, and fo/ forth. And becaufe the 
altitude of the Moon is continually changbg, it is 

L 4 ncccflary 
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ncccffary to repeat the computations of paral- 
lax from time to time. To render this bufincis 
lefs tedious, it has been found expedient to con- 
fider the phenomena of folar eclipfes as they 
would appear to an obferver placed on the Moon. 
LetAB (fig* 58) reprefent the Earth, feen from 
the Moon, under an angle of about i^ 54^, or 
double the Moon's horizontal parallax (141, x). 
the line c d a portion of the oppqfite part of the 
Moon's orbit in which the Earth is feen, the circles 
G, H, I, fhadows of the Moon, that on account 
of their always being diametrically oppofite the 
Sun, will be found to fenfe in the ecliptic, efpe- 
cially when the Moon is near the node. The path 
F£ of the fhadow will therefore make an angle 
F N D with the line c d, equal to the inclination 
of the Moon's orbit, and the interfeftion n will 
be as far diftant from the center of the Earth as 
the node is heliocentrically from the center of the 
• Moon, Now the motion of the Earth, in the 
line CD, is equivalent to the 'Moon's apparent 
motion in its orbit fcen from the Earth, and the 
motion of the fhadow is equivalent to the Sun's 
motion in the ecliptic. Confequendy, the center 
of the Earth and.lhadow of * the Moon may he 
projefted as {ctn from the Moon. The diameter 
of the dark Ihadow, k, l, or m, feen from the 
Moon, will be equal to the excefs of the Moon's 
apparent diameter beyond that of the Sun, when 
both are fcen from the E^rth (h8> v. 149, x}, the 
/Moon's apparent diameter being greafeft, but if 

it 
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It be the lefs of the two> the Ihadow will not 
reach the Earth. The diameter of the penum- 
bra, G> H, or i> feen from the Moon, will be equal 
to the fum of the appart^nt diameters of the Sun 
and Moon, feen from the Earth (149, w, x). 
With thcfe data the eclipfe may be conftructcd 
univerfally. 

Bu^ in conftruding the eclipfe for a particular o 
place, the rotation of the Earth on its axis mull: 
be brought into confideration. For while the 
Ihadow paflcs over the Earth's difc, a given place 
p will be carried round in its parallel of -latitude, 
^nd may likewife be marked in the projcdtion for 
any inft^nt of time. When the place enters the pe- 
pumbra, the eclipfe will begin there; when the place 
^nd the cehfer of Ihe ihadow are the nearcft, the ob- 
fcuratioA will be grcateft, and when the penumbra 
leaves the place, tjie ccjipfe will end. If there be 
a dark (badow, and it pafTes over the place, the 
eclipfe will be total. If there be no dark Ihadow, 
and the place fhould pafs within the penumbra to 
a depth exceeding the Moon's apparent diameter, 
the Sun will be feen environing the Moon on all 
fides; whence the eclipfe is faid to be annuhir 
(148, s). And, ill general, in any folar eclipfe 
that is not annular, the diftance of the place with- 
in the penumbra will meafure the greateft fe£tion 
or part of a diameter of the Sun obfcured at that 
inftant, and the line joining the cufps, or angular 
termination of the apparent part of the Sun, will 
be at right angles to the meafuring line or dia- 
meter. 
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mcterj of which the mcafuring Enc repreients ^ 
part. 
H We arc now to confidcr an eclipfe of the Moon. 
It is evident, diat the difference in the phenocnena 
of a folar eclipfe would not take place if the pa- 
rallax of each luminary were the fame; becaufe, 
whatever mutation of place the parallax might oc- 
cafion in the one, the fame would be produced in 
the other, and they would neither approach nor re- 
cede from each other on that account. Now /he 
feftion of the Earth's fhadow paffcd through by 
the Moon in a lunar eclipfe, being at the fame 
diftance from the Earth as the Moon itfclfi muft 
be fubjeft to the fame parallax at equal altitudes; 
'and fince the individual points of immerfion, emer- 
' fion, or other periods of the eclipfe muft in the 
fhadow have the fame altitudes the parts, of the 
Moon they, as it were, lie on and obfcure, the ef- 
fcCls of parallax muft be the fame on both. Re- 
jefting therefore the confideration of parallax, the 
Earth's fhadow a b (fig. 59) may be taken to oc- 
cupy a place in the heavens diametrically oppofite 
the Sun, and having an equal and fimilar motion 
to the apparent motion of that luminary, its ap- 
parent diameter, feen from the Earth, will be equal 
to the difference between the apparent diameters of 
the Earth and Sun, as feen from the Moon (148, v), 
V Or it will be equal to twice the horizontal parallaaj 
of the Moon ^iminilhed by the fubtradtion of the 
Sun*s apparent diameter. And if the inclination of the 
orbit of the Moon be found, "there will be a certain 

diftance 
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diftance of the node n from the center of the ihadow 
c» that will require the Moon near the bppofition 
to pais through the Earth's Ihadowj and, be con-* 
fcquently eclipfcdt From the greater or lefs- di- 
ibuice of the node u, or m^ it will be determined 
-whether the eclipfe will be partial or total; and 
from' the refpeftive places^ the quantity and direc- 
tion of the relative velocity, together with the ap-4 
parent magnitudes of the fhadow and the Moon, 
all the particulars of the eclipfe may be known 
without diifiqulty. 

^ It may with great reafon be demanded, how it i 
happens that the Moon, which is afErmed to emit 
no light of itfel^ but only by rcfledion of the Sun, 
is neverthelels fufficiendy luminous, even in the 
very middle of a total eclipfe, to be diftindly feen 
of a dufliy rcddifti color. TJie Earth's atmoi^ere, 
or body of air that furrounds it, is the cauie of 
this phenomenon. In {a£t, the ihadow of the k 
Earth itielf never extends fo far as the Moon's or- 
bit, though the ihadow occafioned by the diiper- 
(ion or refleftion of the light that falls on the at- 
mo^here may, with a very fmall allowance, be 
taken for the ihadow which the Earth would hs^ve 
had if the light had pailcd clofe by it without in- 
^rruptpn. We cannot with regularity explain the 
rcfraftion of light in this place. If will therefore , 
he fufficient to pbferve, that in the event now under 
qoniideration the Sun's light falling obliquely on 
the at^mofphere, is bent or turned out of its courie 
fo as to converge fooner to a point, than it would 

othcrwife : 
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otherwife have done; the fpherical atmofphere per- 
ferming} in fon>e meafure, the ofEce of a large 
convex lens, or burning- glafs. The more obliquely 
the rays fall, the greater is their deviation from 
their original courfe -, and thofe rays that pafs dofe 
to the Earth are found, by obfervations on the 
fetting Sun and other heavenly bodies, to. fufFer a 
refraftion of about 3;^ minutes of meafure. Th« 
laws of optics, hereafter to be explamed, require 
that they fhould undergo an equal refrafbion in 
pafling out through the oppofite part of the at- 

I, moTphere. Each exterior ray of the real (hadow 
will therefore pafs 66 minutes within the rays 
that would have formed the cone cicq, fig. 55. 
and coj:>fequently3 the angle at the vertex of the 
cpne will be 132 minutes, or 2^. iz greater than ■ 
it would have beeVi; that is, it will be equal to 
the diameter of the Sun 32 (14?, t),. added to 

If 2^, 1 2, which give3 2^* 44^ Hence the axis of 
the cone, or length of the (hadow, is found to be 
no more than 42 femidiametcrs of the Earth; where- 
as the radius of the Moon's orbit, or mean di- 
ftance of the Moon, is about 60 fcmidiamet;ers 

N of the Earth. In the fpace between the penumbra 
and the Earth's real fliadow it is much darker than 
the penumtra, though that fpaee is illuminated by 
the rays of the Sun, which are varioufly refrafted, ac- 
cording to the dcnfity of the air they pals through. 
Many rays are refleftcd back, and the rays that go 
forward arc fuch whole nature does not admit of 
their .being eaf^ly refleftcd. We are to (hew io 

future 
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^ture thAt thefc arc the red, orange, and yellow. 
Hence it is that the Moon in an eclipfe appears o 
red; and a fpe(^or on the Moon would, after 
lofing fight of the Sun, behold the Earth envi- 
roned with a narrow luminous edge of bright red 
light, (haded off with yellow on the outfide. 

Since the Earth, when beheld from the Moon, p 
muft always appear . in the part of tl^e heavens im- 
mediately oppofitc the Moon's apparent place 
as fcen from the Earth, the enlightened fide of the 
Erarth will haVe the fame figure, when feeh from 
the Moon, as the dark fide of the Moon would 
exhibit if it could be feen at the fame inftant from 
the Earth. Thus, when the Moon is invifiblc, or 
near the conjundion, the Earth is in oppofidon^ 
and prelents a full luminous face to the Moon; 
and on the contrary, when the Moon is at the 
full, or oppofite the Sun, it muft be on the dark 
fide of the Earth, which confcquendy then be- 
comes invifible. Near the beginning of the firft 
or end of the laft quarter, the dark fide of the 
Moon is rendered vifible by the fiill Earth fliining 
on it, but is fcarcely fo luminous as the Moon 
when eclipfed. The Earth's difc, feen from the 
Moon, is about thirteen times that of the Moon 
fcen from the Earth. If the Earth refleded as 
great a part qf the light that falls on it as the 
Moon does, its light at the Moon would exceed^ 
the moon-light with us in that ratio. This, how- 
ever, is not probable, though it may fairly be fup- 
poied that it is three or four times as great. But 

we 



wc have already obfervcd that the Earth^s ztmotU 
pherC) in a lunar eclipie> illuminates the Moon 
0^ rather more than this. Whence it follows, that 
the narrow ring of light encircling the EarthjF 
when feen from the Moon during an ecliple, gives 
a light far. exceeding our moon-light at the full, or 
even that of the Earth's flill face fliining on the 
^oon ; and as the fur&ce of the ring, by compu« 
tation, can hardly equal the ox hujodredth part 
of the Earth's di(k> or the one eighth part of the 
Moon's di(k, its brightnefs will be tnore than 
twenty^four times that of the Moon. It miift con- 
fequendy be very luminous and dazzling. 

NotWithftanding this, there have been edipfes 

4 

of the Moon, when in that part of its orJbit tsoar 
the Earth, . in which that luminary emirety difi^ 
peared. But thefc obfcrvations arc very tare. 
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CHAP. X. 

ETS; AND OF THB PROPORTION OF LIGHT 
AND HEAT ON THE PLANETS, 



;siDEs the leven primary planets already enu- it 
Lted, and their moons or attendants, there arc 
IT bodies that revolve round the Sun, and claim 
iliar diftindion on feveral accounts. Thefe are 
rd Comets, and appear occafionally in every 
of the heavens ; their motions being pcrfbrm- 
in very long ellipfes, whofe lower focus is in 
near the Sun. By obfervations of parallax it is s 
md, that at thdir firfl: appearance they are nearer 
us than Jupiter; whence it is concluded, that 
they are moft, commonly lefs than that planet; for 
if they were as large as Saturn, they would be lech 
as far ofF. 

When a comet arrives within a certain diftanoe t 
of the Sun, it .emits a fume or vapour, which is 
called its tail. This (hews that they contain a por- 
tion of matter confiderably more rare and volatile 
than any on the Earth ; for the tail begins to ap- 
pear while they are yet in a higher, and confc- 
quently colder region than Mars. The tail is al- 
viiAys diredted to that part of the heavens which is 

dircftly 
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dirc(5Uy or nearly oppofite to the Sun; and is 
greater after the comet has pad its perihfelium, than 
during its approach towards iti being grcatcft of 
all at the time when it has juft paft the perihc- 
lium. 

u That part of a comet's orbit which comes un- 
der our obfervation is fb fmall in proportion to 
the whole, that in mod it does not differ from a - 
parabola,* by quantities that obfervation can'diftin- 
guifli: for which rcafon the dimenfions of their 
orbits and periodical times cannor be determined 
with any degree of precifion from a fingle appear- 

T ance. But from the re-appearance of comets after 
long intervals of time in the fame region of the 
heavens, and moving in the fame curve, it is de- 
cided that they revolve about the Sun in very long 
or eccentric cUipfes; being governed throughout 
by the fame law of defcribing equal areas in equal 
times, which is found to take place^ in the inferior 
part of their orbits. The comet that appeared in 
the year i66i was feen before in the fame orbit, 
and under the fame circumftances in -the year 
1532: which fhews its period to be 12^ ^years. 
So likewifc, the comet that appeared in the years 
1456, i53i> 1607, 1682, and 1759, ^^ deter- 
mined to revolve in a period of about feventy-fix 
years. And that very remarkable comet which 
was obferved in the year 1680, is fhewn to be the 
fame with that which appeared in the year 1106; 
its period being 575 years. 

The 
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The number of comets is very much greater w 
than that of the planets Which move in the vicinity 
of the Sun. From the reports of former hiftorians, 
as well as from the obfervations of late years> it is 
afcertained, that more than four hundred and fifty 
have been fecn previous to the year 177 1: and 
when the attention of aftronomers was called 
to this objeft by the expe6bation of the return of 
the comet of 1759, ^^ fewer than feven were ob- 
fcrved in the . courfe of feven years. From this 
circumftance, and the probatbility that all the comets 
recorded in ancient authors were of confiderable 
apparent magnitude, while the Imaller were over- 
looked^ it is reafonable to conclude, that the num- 
ber of comets is confidcrably beyond any eftima- 
tion tliat might be rtade from t^e obfervations 
we now poffefs. But the number of comets whofc x 
orbits are fettled with fufficient accuracy to afcer- 
tain their identity when they may appear again is 
no more than fifty-nine, reckoning as late as the ' 
year 177 1. The orbits of moft of thefe are in- V 
clined to the plane of the ecliptic in large angles, 1 
and the greater jiumber of them approached nearer 
the Sun than the Earth ever does. Their motions z 
in the heavens are not all in the order of the 
figns, or dircdl, like thofe of the planets : but the 
nuiftbcr whofe motion is retrograde is nearly equal 
to that of thofe whofe motion is direft. 

It is not neccffary in this work, to enter fully a 
into* the cdnfideration of final caufes; more par- 
ticularly as the fubjeft has embarraflfed the greateft 

Vol. I. ^ M metaphyficians. 
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metaphyficians, -and may .with jufticc be xfaid 
to be too extended for the human powers. In 
every thing we fee, the phenomena confidered 
fingly, arc ncceflary confequcnccs of certain ge- 
neral laws, to which the univcrfe zppe&rs tx> be^fub- 
jcfted, but when ^hey arc confidered in a ccdlec- 
tive view, a certain relation, or fitnefi for pro- 
ducing fome general cfk&s, is feen, which by no 
' means depends on the fame laws, and by analogy 
is referred to the operation of an intelligent agent 
To illuftrate this by an example, of the fimpleft 
kind, we may obferve, that in the well-known in- 
ftrument called fciffars, it follows neceflarily fixMU 
the laws of motion, already explsuned in the me- 
chanical powers (60, G. 67, h), that the W»ies 
will cut or divide certain iubftances expofed to their 
aftion 5 but if we confider the various circumftanccs 
that co-operate in producing this efFeft, we muii: 
difclaim all reafoning frohi analogy before we can 
refolve thdr connection into an eSedl of thofe laws, 
without fuppo(mg the agency of an intelligent being 
as the caufe of their union, and concluding t|iat it 
was intended they fliould jointly concur in one pur- 
pofc. It is to this being that we refer, in order 
to decide, why the fharp edges were made on the 
inner, rather dian on the outer, pan of each blade: 
why the other extremities have annular termina- 
tions : why the inftrument is made of fteel rather 
than lead; and fo forth. The purpofes. or mo- 
tives which determine the aftions of intelligent 
beings, and produce their cffefts in a manner fimi- 
4 , lar 
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, lar to &c operation of the laws of nature or pro- 
perties of matter, in cafes where thought is not fup- 

^ pofed to be concerned, are called final caufes. 
In the works of nature we Toehold enough of ex- b 
quUke contrivance, and can fee hr enough into 
many final caofei to convince us that the arrange- 
ment of the univerfe has been made, and probably 
13 ftiU occafionally adjufted, by a being whofe in- 
telligcnce and power is immenfely beyond that 
which we poffefs. To judge properly of his in- c 
tentions, or in other words, to be equal to the tafk 
of exfdoring the fcience of final caufes, requires tup 
lefs than a perfed knowledge and recolle6tion pf 
every purpofe to which the pbjefts around us may 
be applied, together with a clear conception of 
the ideas of fitnefe and order that form the proto- 
types in the mind of that great being who diredls their 
roodODs. Thefe. confiderations /hew the abfurdity d 
of attempting to explain the final caufes of every 
event we fee, but they by no means require that 
we fliould negledl them in cafes where we Ijave 
reafbn to believe we underftand the phenomena, 

^ and -have fuificient experience to be aflured that 
we difcern the principal, or at lejft one of the . 
principal purpofes to which things may have been- 
deftioed. Thus, it is fcarcely to be imagbed that 
we can err in concluding, that the eyes, ears, legs, 
wings, and other parts of animals were made for 
the purpofes of feeing, hearing, walj^ing, flying, 
and die like. Neither can we avoid inferring, that 
die power who conftrufted living creatures with 

M 2 . mouths. 
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mouths, teeth, and organs to digeft and afTnTit- 
late food for their nutriment, did fikewife form 
other organized bodies, which we call v^ctablcs, 
for the exprefs purpofe of affording that food. It 
is needlcfs to multiply inftances. Wc cannot avoid 
feeing them every moment, and their cffeft is fo 
ftriking, that we are infcnfibly forced from ana- 
logy to allow the exiftence of a final caufe in 
all cafes, whether we are able to difcover it 
or no. 
E On this ground, an enquiry> into the final caufcs 
of the planetary bodies offers itfelf to our confide- 
ration. The earth isr (hewn to be a planet in cir- , 
cumftances very fimilar to the other five: we know 
its final caufe — to fupport a number of inhabi- 
tants. And by analogy^ we may conclude, &at 
the others ar<: alfo habitable worlds; though &om 
their different proportions of heat it is credible, 
that beings of our make and temperature could not 
live upon them. However, even that can fcarcely 
be affirmed of all the planets: for the warmeft cli- 
mate on the planet Mars is not colder than, many 
- parts of Norway or Lapland are in the fpring or 
autumn. Jupiter, Saturn, and the Goorgium Si- 
dus, it muft be granted, are colder than any of the 
inhabited parts of our globe. The greateft htat 
on the planet Venus, exceeds the heat in the ifland 
of St. Thomas on the coafl of Guinea, or Suma- 
tra, in the Eaft Indies, about as much as the heat 
in thofe places exceeds that of the Orkney illands, or 
that of the city of Stockholm in Sweden: there- 
fore. 
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fore, at 60 degrees north latitude on that planet, 
if its axis were* perpendicular to the plane of its 
orbitj the heat would not exceed the greatcft heat 
of the Earth, and of courfe, vegetation like ours 
might be there carried on, and animals qf the Ipe- 
cies on Earth might fubfift. If- Mercury's axis 
be fiippofed to have a like pofition, a circle round 
each pole of about 20 degrees diameter would enjoy 
die fame temperature as the warmer regions of the 
Earth, though iji its hotteft climate water would 
continually boil, and moft volatile compounds 
would be parched up, deftroycd or diffipated into 
vapor. But it is not^at all neceffary that the planets 
fhould be peopled with animals like thofe on the 
Earth: the Creator has doubtlefs adapted the in- 
habitants of each to their (ituation. 

From the obfervations that have ' juft been made, f 
a better notion may be formed of the proportions of ^ 
heat on the planets than can be conveyed by num- 
bers. It will not however be remote from our pur- 
pofc to. compare the light of the fuperior planets 
with that , of our day, from whence it will appear, 
that they are by no means in a ftate of darkneis, • 
notwithftanding their great diftance from the Sun. 
This might be inftanced by feveral difF^ent me- 
thods, as by the Sun's light , admitted into a dark 
chamber, and received on paper with different de- 
grees of obliquity; by 'a greater or lefs number of 
candles brought into a room for the purpofe of 
illuminatihg it with different proportions of light; 
or by various optical methods that need not be 

M 3 , here 
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here dcfcribed. It will be fufficient for the iHu^ 
ftration of the fubjeft to compare their di£fi?rcnt 
proportions of light widi that of a moonfhine night 
at the time of the fiill. 

G "When the Moon is vifibk in the day-time^ its 
light is fo nearly equal to that of the lighter thin 
doudS) that it is with difficulty diilinguiflied 
atnongft them. Its light, continues the fame during 
the nighti byt the abfencc of the Sun* fufFering 
the aperture or pupil of the eye to dilate itfclfj 

. renders it more confpicuous. It therefore fellows^ 
that if every part of the fky were equally luminous 
with the Moon's difc^ the light would be the fame 
as if in the day-time, it were covered with the' 
thin clouds above-mentioned. This day-light is 
confequently in. projxjrtion to that of the Moonj 
as the whole furface of the fky, or vifible hemifphere, 
* k to the furface of the Mopn ; that is to iay, near-* 

H ly as 90,000 to t. The light of the Geon^giiffli 
Sidus being to that of the Earth as 0.276 to loOi 
will be equal to the cfFeA of 248 full Moons. The 
light of Saturn will be equal to thatof 990 fiiH 
Moons: Jupiter's day will equal the light of 3350 
Moons, and that of Mars will require 38,700, a 
number fo great, that they would almoft touch 
one another. It is even probable, that the Comets, 
in the moft diftant parts df their orbits, enjoy i^ 
degree pf light much exceeding moonftiine. 

I If the Comets be habitable they muft be poA 
fefled by creatures very different from any we 
have been ufed ta behold and confider. There may, 

however. 
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however^ be other ufes for which it is probable 
they may have been formed : the matter that compofes 
their tails muft faU in procefs <^ time to the Sun or 
the n^areft planet that may pafe through it^ where 
it may fupply defefb^ and anfwer purpoles which 
our total ignorance of its properties fcarcely allows 
us even to coi^e&ure. in the Sun it may lervc to 
recruit the wafte of matter that luminary may differ 
by the cpnftant emiffion dF the particles of light. 
After a great number of revolutionsy the refiftance 
. of the Sun's atmofphere> and a . concurrence of 
circumfkinccs, may occaiion the comet it&lf to ap* 
preach the Sun^ and at length &11 into itj and 
^come a part of its body. 



/ 
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OF THE TELESCOPIC APPEARANCE OF THE MOOK. 

t 

The obfervations which might confirm the k 
hypothefis of planetary worlds feem to be placed 
beyond our power. We can fcarcely hope to 
* make optical inftruments fufficiendy perfeft to 
render their inhabitants vifible to us. The grois 
air that furrounds us^ is a great impediment to 
the ufe of thofe we already poflefs, and limits their 
perfeftion to a certain degree, beyond which we 
Xrannot pafs. All, therefore, that we can do, is 
to examine if the planets are accommodated with 
thofe things which -we are ufed to confider as 

M 4 neceffary 
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neceflary to animal exiftence. Lands, ieas, clouds^ 
vapours, and an atmofpherc or body of air^ 
are objedts that wc may expcd to find on the 
£sLCc of a habitable world : it h our prefent bu^ 
finefs to relate what has been done in this re^ 
iped:. 

L • The Moon being fo very near us, and likewife 
in the fame temperature as to light and heat> of- 
fers itfelf as the fitteft body for examination. We 
difcern a variety of. fpots with the naked eye, 
which the imagination naturally fuppofes to be 
leas, continents, and the like ; but on a more ac« 
curate infpeftion, with the afjiflance of the telcf- 
cope, it is perceived that many of thofe appear-^ 
ances are occafioned by vafl obfcure pits or cavi- 
ties, and elevations or mountains. The heights of 
thefc mountains may eafily be found; for by the 
horizontal parallax we know that the Earth's appa- 
rent diameter, feen from the Moon at its mean dif^ 
tance, is i ^ 54' ( 132, x) or 6840 fcconds, while that 
of the Moon' feen from the Earth at the fame diftance 

M is 31' 29^, or 1889 feconds. Their abfolute dia- 
meters mufl therefore be in proportion to thelc 
numbers. Confequently, if we find the proportion 
the height of a lunar mountain bears to the Moon's 
diameter, we may, without difficulty, find the quan- 
tity of that height in miles or other terreftrial dimen- 
Tions. 

N Thefe mountains and cavities are known to be 
fuch from their fhadows. In the firfl and fecond 
quarters, when the Sun fhincs obliquely on the face 
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of the Moon^ the elevated parts caft a triangular 
(hadow in the dircAion from the Sun; and, on the 
contrary, the cavities are dark on the fide next the 
Sun, and illuminated on the oppofite fide. The 
ihadows fliorten as the Sun becomes more diredly 
oppofed to the anterior face of the Moon, and at 
length dilappear at the time of the fi^ll. During 
the third and lafl: quarters, the ihadows appear 
Sigain, but all fall towards the contrary fide of the 
Moon, though ftill with the fame diftinftion, ,xiame-« 
ly, that the mountains are dark, and Ihady on the 
fide furthcft from the Sun, and the pits are dark on 
the fide next the Sun. The fame deduftion is obtain-t 
ed by cpntemplatiog the inner illuminated edge of 
the Moon. If the Moon were a perfedt fphere, thia 
edge would he a, regular curve, but if its furface be 
diverfified by hills and cavities, it is evident that the 
highef parts muft be enlightened fooner, and the 
cavities later than the reft of the furface. This is 
accordingly the cafe, and affords a method of ob- 
taining the heights of the mountains. 

To render the explanation eafier, we fhall fup- o , 
pofe the Moon to be in its quadrature, and the 
mountain to be fituated near the Moon's apparent 
center, . \ / - " 

Let the circle abdo (fig. 61) reprcfcnt the 
Moon, whole center is c ; and e the Earth : then a 
fpedator at e will fee the Moon enlightened in the 
half AGO, and the line e c will pafs through a, or 
the inner enlightened edge. The ray of light sab, 
touching the . Moon at a, will crofs the line e c at 

right 
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right angles^ and illurDinate the top of the mourw 
tain B. The angle aeb is found by obiervation, 
then in the trian^e a £ b^ * 

As the co-fine of the obfcrvod angte - abb 
Is to the Moon's diftance - - a e. 

So is the fine of the obferved angle - a £ b^ 
To the fide or line - - - a b* 

Then in the right an^ed triangle c a b^ the fides 
c A and A b being known, the fide cb is found from 
the iM^U known property (Euclid I. 47); ibat is 
to fay^ the fquare of the Moon's femidiameter c a 
being added to the fquare of the line a b, the iqtiare 
root of the fum is the fide cb. And if the iemidi* 
ameter of the Moon c f be takecv froip die line c b^ 
die remainder is f B, or the height of the itKHintain* 
F From obfervations of this kind, it appears that 
the lunar mountains are much higher in proportion 
to its radius than any we have upon the Earth. 
Herfchel has obferved feveral volcanos in thde 
mountains. 
<i^ That the Mooa is^fiirrounded by an atmofphere 
or, body of air, is rendered probaJ>le by many ob- 
servations of folar eclipfes, in- ^ich the limb or 
edge of the Sun was obferved to tremble juft be- 
fore the beginning. The planets likcwife are 
obferved to change their figure from round to oval 
juft before the beginning of an occultation behind 
the Moon; which can be attributed to no other 
caufe, than that their light is rcfrafted, being feen 
through the Moon's atmofphere. Many aftrono- 

mer s ar? of opinion, ' that the Moon has no atmo- 

I fphere. 
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fphere, becaufe vit fee no clouds» and becaufe the 

fixed ftars di&ppear at< once at die umb of an oc-* 

culcadon without any gradual diminudon of light, 

which they fuppofe ought to take place* But if we 

conlider the effedt of days and nights near thirty 

tinies asl long ^s with us^ we may readily grant that 

1^ fhtnomtML of vapours and meteors may be 

very different: perhaps their clouds and rain^ if 

anyj may be condenfed into vifible quantitieSj only 

during the abfence of the Svn^ and if ibj it is no 

wonder that we never fee diem. With rcfpedt to 

the fixed ilars, it is plain, that granting the Moon 

to have an atmofphere of the fame iiature and quan-* 

tity as oursy no iuch' effed as a gradual diminution 

of light ought to take place, at lead as to fenfe. 

Our atmolphere is found to be fo rare at the hergjit 

of 44 miles, as to be incapable of a£ling on the 

rays of light This height is the i Both part of the 

Earth's diameter; but fince clouds are never ob- 

ferved higher than four miles, we muft conclude^ 

that the vaporous or obfcure part is but the i9Soth 

par(:« The xiiean apparent diameter of the Mooa 

is 31' 29'^ or 1889 feconds; therefore, the obfcure 

^ part of its atmofphere, when viewed from the Earthj 

muft fubtend an ande of lefs than one fe<x>nd, which 

ipace is pafled over by the Moon in kfs than two fe« 

conds of dmes a fpace and time fo ihort, that it can 

hardly be expefled liiat obfervation can in general 

determine whether the foppofed obfcuration takes ^ 

place or not. 

It 
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It mufl-, however, be allowed, that the Moon'5 
atmolphere, if it has one, is certainly much left 
confiderable than that of the Earth. For there is fel- 
dam any appearance, in an eclipfe of the Sun, of the 
remarkable phenomenon (158, cl), that the Earth's 
atmofphere is (hewn to produce in a lunar eclipfe*. 

rf he Moon turns round on its own axis once in 
the time of its periodical revolution. This is evi- 
dent, becaufe the fame face or fide is conftantly 
turned towards us. For a fpcftator on the Moon 
will fee the Earth carried through every part of the 
ecliptic in the courfe of one revolution; and as the 
lame face of the Moon is conftantly turned towards 
the Earth, it muft be fucceffively turned to every * 
part of 'the ecliptic to^'which the .Earth apparently 
moves. But if it be fucceffively turned to every 
part of a great circle in the heavens, it muft revolve 
on its axis. By this Qow rotation, it appears, that 
the inhabitants of the Moon have but one day and 
night in the courfe of a month. 

This rotation on its axis, is the moft uniform 
motion the Moon has; but its uniformity occafions a 
;lfeeming -irregularity, which is termed the libration. 
For as the Moon's motion in its orbit was (hewn to 
be not uniform (^43, f) the eflFeft it has in turning 
its face from the Earth is likewife fubjeft to the fame 
irregularities; for inftance, in the fwifteft part of 
the revolution, . its motion in' its orbit turns its face 

*■ 

• s 

* See Philofophical Tranfa£^ions, Anno, 1779, for an ac- 
count of the fo'ar -ecUpfe of June 24, 1778, in which this 
appearance was feen by Don Antonio Ulloa. , \ 

from 



i 



P 



y I 



' I 



r^ 



LtBRATION Of THE MOOK. 173 

from the Earth fomething more than the rotation 
on its axis turns it the other y/ay, and therefgte it 
appears to have a fraall motion on its axis towards 
the eaft, by which fome of the more weftcrn parts 
are brought to view, and an equal portion of the 
eaftern limb difappears. In the flower part/ the 
contrary is fecn, for then the rotation on its axis 
prevailing, brings the weftern parts into view, and 
the eaftern difappear. This is called libration in 
longitude. , 

There is another kind of libration that arifes u 
from the Moon's axis being inclined to the plane of^ 
its orbit> by which means fometimcs one of its poles, 
• and fometimes the other, is inclined towards the 
Earth. In ponfeqi^ience of this, we fee more or lefi; 
of the polar regions at different times. This is 
called libration in latitude. 
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CHAP. XII. 

OF TH£ TELESCOPIC APPEARANCES OF THE SUN 

AND THE PLANETS* 

V The Sun is not without fpots on its difc^ but 
diey are feidom fo large as to be ieenby the naked 
eye. When viewed with a telefcopc, th^ eye be- 
ing defended by a piece of coloured ot fmoked 
glafs^ tiiey are found to apjpear in various forms and 
nunlbers. The larger fpots, moft of which exceed 
the whole Earth in apparent magnitude, laft a con« 
fiderable time; fometi'mes three months before they 
diiappear> at which time they are generally con- 
verted into feculae, or fpots which exceed the reft of 
the Sun In brightnefs. They are of no conftant 
figure, frequendy changing during the time^ of 
obfervation, and fometimes one dividing- into fc- 
yeral fmallcr ones. In general they confift of a nu- 
cleus or' central part, much darker than the reft, 
rWhich is furrounded by' a miftinefs or fmoke. The 
general opinion concerning them is, that they are 
occafioncd by the fmoke and opake matter thrown 
out by volcanbi or burning mountains of immenfe 
magnitude; and that when the eruption is nearly 
ended, and the fmoke diffipated, the fierce flames 
'are expofcd and appear as facute, or luminous 
ipots. But Dr. Alexander Wilfon of Glafgow has 
eftablifhed from ob&^Tvation, that moft, if not all 
the fpots, are exca.vations in the luminous matter 

^ that 
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that environs the body of the Sun^ probably to no 
gieat depth*. At prefent (anno 1779) ^^7 ^^ 
often feen tb the number of thirty or more^ but 
there have been periods of more than feven 3reai:s9 
in w]\ich none have been obferved. 

All die ipots of the Sun have an apparent motion w 
from eaft to weft> which is quicker when they arc 
near the central regions than wlien near the limb« 
This proves that the iun revolves on its axis from x 
weft to eaft, and likewiie that its figure is fpherical* 
The period, as obferved by Cafllni, is 25 days, 14 v 
hours, 8 minutes. From the line of the motion of 
die ipots, which is fometimes ftrait, but ofrener 
jCurved or elliptical, it is difcovered that its axis is z 
not perpendicular to the ecliptic, but inclined, fo as 
to make an angle with the perpendicular of about 
feven degrees and a hal£ 

The zodiacal light is attributed to the iblar atmo^ a 
Iphere^ This remarkable phenomenon accompanies 
die Sun. When it begins to appear before iiin-rife, 
it ieems, at firft fight like a faint, and almoft imper^ 
ceptible, whitifti light, refembling the milky-way, 
and iU'terminated, which is almoft confounded with 
the twilight that is feen commencing near the ho-* 
rizon. It is then litde elevated, and its termin^on 
may ibmetimes be difcerned in a conic or conoidal 
form. In ihort, its figure agrees with that of a very 
flat or lenticular Ipheroid feen in profile.. As it 
gradually rifes above the horizon it becomes bright* 
er snd larger to a certain point, that may be caU-> 

• Phllofophical Tranfadions, 1774.^ 

ed 
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cd its maxiiriuirt, after which the approach of dajr 
renders it gradually lefs apparent, and at laft invi- 
fible. The diredion of its longer apparent axis is 
obfeh^cd to be in the plan^ of the Sun's equator ^ 
but its length is fubjeft to great variation, fo that 
the diftance of its fummit from the Sun varies from 
45° to even lap^. Thefe great differences in mag- 
nitude and brightnefs may perhaps depend confider- 
ably on fome, yet unknown, circumftances in our 
ajcmofphere. It is ufually feen to the greateft advan- 
tage about the folftice. 

B It has been fuppofed, that this atmofphere is the 
caufe of the afcent of the vapor which forms the 
tails of the comets, and which is always carried to 
that part of the heavens which is oppofite the Sun. 
But the diredlion of thefe vapors may perhaps be 
determined by the aftion of the particles of light 
emitted from the Sun. 

c The planet Mercury is at all times fo near the 
Sun, that we can only diftinguifli with the telefcope 
a variation in its figure, which is fometimes that of 
a half Moon, and fometimes a little more or Icls 
than half. Whence It follows, that its form is 
globular, and that it receives all its light from the 
Sun. 

D The planet Venus, when viewed through the 
telefcope, has a very pleafing appearance. At the 
time of its greateft elongation it appears like the 
Moon in the quadratures i one half of its difc being 
enlightened. In the inferior part of its orbit, as its 
elongation decreafes, the enlightened part becomes , 



Icfs, appearing falcated or horned; after paffing th* 
inferior conjunftion, the planet is ^gain fecn horned^ 
.but the illuminated part then inCreafcs, and at the 
greateft elongatibrl, half its difc is again feen enlight- 
ened. In the fuperior part of its orbit, as its elon- 
gation decreafes, its faee becomes more full' and 
round, till the fupcfior conjunftion, after which time 
it is again diminiftied by the fame gradation as, its 
increafe was in the former cafe accompliftiedi 
There is no difficulty in accounting for this variety 
oC phafes, it being occafiojied by the different pofi- -^ 
tions of Venus with fefpedt to the Siin and Earth : 
for as the enlightened face of Venus muft of courfe 
be always oppofite to or facing the Sun, it will be 
more or lels vifible to us according to our fituation 
at various times. , ^ 

The fur&ce of Venus is diverfified mth fpotsrlike b 
our Moon, by the motion of which it is determined, 
that it. revolves on its axis from weft to eaft in the 
Ipace of tweoty-three hours. When the air is in a 
' good ftate for this kind of obfervations, mountains 
like thofc in the Moon may be difcerned> with a 
very powerful telefcope. Late obfervations of 
Herfchel have however rendered thefe accounts 
uncertain*. 

The face of the pknet Mars is always round and p 
foil, as its fuperior fituation requires, excepting at 
the time of the quadrature, or elongation of 90 de- 
grees, when a fm^U part of the unenlightened hcmi- 

• Philofophlcal TranfafUons. 1793. 

Vol; I. N fphere 
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fphere being turned towards us, its difc appears* like 
the Moon about three days -after the full. 

G By the fpots on Marsj its diurnal revolution is 
afcertained in the direftion from weft to eaft. 
From the ruddy and obfcure appearance of this 
planetj as well as from other appearances, it is con* 
eluded, that its atmofphere is nearly of the fanlc 
denfity as that of the Earth. Mr. Herfchel has 
obferved, that two circles furrounding the poles of 
this planet are very white, and luminous, probably, 
^frdm fnow lying there. 

H We have already had occalion to^ fpeak of the 
fatellites of Jupiter and Saturn. The annual paral- 
lax of thefe planets is ilot confiderable enough to 
bring any fcnfible part of their dark hemifpheres to- 
wards us in any pofition of elongation; confe- 
quendy thdr faces are always round and fulL 

I The telefcopic appearance of Jupiter affords a 
vaft field for the curious enquirer. It is in gene- 
ral encircled with one or more obfcure belts or 
bands parallel to the plane of its orbit, and confe- 
qucntly to each other. Thefe are not regular or 
conftant in their appearance. They have been 
feen to the number of five,' tod during the time 
of obfervation two have gradually difappeared. 
Sometimes but one is feens and fometimes, when 
the number is more confiderable, one or more dark 
fpots are formed between the belts, which increafe 
till the whole is united in one large dufky band. 
The fpots of Jupiter are the brighter parts of its 
furfkce, and are not permanent, though more fo 

7 than 
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'riian the belts i yet it is found that they rc*appear 
after certain unequal interv^s of time. The remark* 
able Ipot, by whofe motion the rotation of Jupiter 
on Its axis was determined^ difappeared in 1 694, 
and was not feen again till 1708, when it re-appeared 
cxaftly . in the fame place on its furfaCe, and has 
been occafionally feen ever fincei 

It has-been conjeftured, that thefe belts are k 
feas, and that the variations obferved both in 
them and the fpots are 'occafioned by tides^ which 
'are diflfcrently affefted, according to the pofirions of 
his moons. It is probable, however, that they are 
in its atmofphere^ If an obferver, poflelfed of fkill 
and patience equal to the tafk, would delineate the 
phafes of Jupiter for the fpace of a periodical revo- 
lution, noting at the fame time the pofitions of his 
fatellites, this opinion might be either eftablifhed 
or rejedbed: but at all events fuch a feries of obfer- 
vadons could not fail to throw great light on the 
fubjeft. 

The very great diftance of the planet Saturn, and h 
the tenuity of its light, do not permit common ob- 
fervers to diftinguifli thofe varieties which it is pro- 
bable are on its furfacc. HerfchePs telefcopes 
Ihew belts on its furface. Thefe are generally pa- 
rallel to the ring. Saturn 'i;5 found to revolve 
on an axis perpendicular to the plane of the ring, 
and its diameter is (horter than that which is 
tneafured in the plane of the ring in the pro- 
portion of 10 to II. The ring itfelf is inclined 
to the ecliptic i in confequencc of which, its ap- 

N 2 parent 



parent figure is continually varying. When the 

line of its nodes points dircftly towards the 

Earth, the ring, prcfenting its edge to the o^fer- 

ver, becomes invifible to common telefcopes: if the 

fame line points direftly towards the Sun, the ring 

becomes invifible for want of illumination: and 

laftly, if the ,plane of the ring paffes between the 

Sun and the Earth, the ring cannot then be feen, 

bccaufe its dark fide is towards us. At all other 

times its figure is that of an oval, which is broader 

or narrower accordingly as the line of the nodes is 

farther fix)m or nearer to the above pofitions. 



CHAP. XIII. 

Ot THE LENGTH OF DAYS AND NIOHTSJ AND OF 

,THE SEASONS. 

M We have feen that every planet which is accef- 
fible to obfervation has a revolution on its axisj the 
intention of which is, undoubtedly, to give alter- 
nate night and day to every part of their furfaces. 
An inclination of the axis of any planet to the axis 
of its orbit, by caufing the length of days and the 
intenfity of heat to vary, will occafion a viciffitude 
of /eafons. On this account Jupiter, whofe axb is 
nearly perpendicular to the plane of its orbit, has 
equal days and nights on every part of its furfece at 
the fame time, the days being four hours and twen- 
ty-eight minutes, and the nights of the fame length. 
But the planets Mars and Venus, whofe axes arc 

inclined 
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inclined to the planes of their refpeftive orbics, 
have each an annual change of feaibns and length 
of days. The Earth, for .die fame reafon, has a 
fimilar viciflitudej the explanadon of which will 
render it unneceflary to enlarge on the circumftances 
of the odier planets. 

For this purpofe it will be ufeful to define thofe u 
imaginary circles, which aflronomers and geogra-- 
phers have invented for the "purpofes of methodizing 
$lnd facilitating the communicadon of fcience. 

On the Earth, a great circle, fuppofed to be o 
drawn at an equal diflance from each pole, is termed 
the Equator: ' leis circles drawn parallel to the 
equator are called Parallels of Latitude i and great \ 
circles interfering the equator at right angles, and 
confequently paffing through the poles, 'are called 
Meridians. But when the meridian of a place is 
ipoken of, it is ufually underftood to be a femi* 
circle pafling through the given place, and termi-» 
xiating at the poles. The other half which com- 
pletes that whole circle, is then called the oppoGtc 
meridian. 

In the heavens, a great circle, parallel to the p 
equator, is termed the Celeftial Equator; but the 
lefs circles parallel to it are called Parallels of Decli- 
nadon; and the great circles interfering it at right 
angles, and pafling through the (Celeftial poles of 
the E^rth, arc c411ed. Hour Circles, or circles of 
right afcenfion. 

The eclipric is that great circle in the heavens, ct, 
iq which the Sun defctibes its apparent annual 

N 3 courfc; 
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courfe: lels circles, drawn parallel to the ecliptic,, arcj 
called Parallels of Latitude; and great circles inter- 
fering it at right angles, and confequendy palling 
through its poles, are called Celeftial Meridians. 

K The horizon is that gre^t circle which divides the 
vifible or upper henniifphere from the lower^ If tMs 
circle have the eye of the obferver for its center, 
it is called the Senfiblc Horizon; but if its center be. 
that of the Earth, it is termed the Rational Horizon. 
To this laft all aftronomical obfervations are reduced 
or applied; the former being only cpnfidered as one 
of the parallels of altitude. Lefs circles, parallel tQ 
the horizon, are called Parallels of Altitude, if above, 
but of Deprcflion, if below the horizon, and the 
great circles intcrfcfting it at right angles^ arc call- 
ed Azimuths. 

$ The ^point of thp heavens, which is immediately 

" above the obferver, or is elevated .90^ above the 
horizon, is termed the Zenith; the opppfite point 
immediately beneath, or at 90^ of depreflion below 
the horizon, is termed the Nadir, 

7 Latitude on the Earth is an arc of the meridian, 
contained between a given place and the equator^ 
It is meafured in degrees and minutes of the meri- 
dian. In the heavens it is an arc of the celeftial 
meridian, contained between a given place and the 
ecliptic. • , 

y Longitude on the Earth is an arc of the equator, 
pont^ihed between the meridian palling through 9, 

' given place and the firft meridian. It never ex- 
Ceecjs ^ fcmi^irclc, Th? firft Rieri^ia;! on the EartJ^ 
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is adbicrary; but the Englifli aftronomers in general 
reckon from that which psrfles through the obferva- 
tory at Greenwich. Longitude in the heavens is an 
arc of the ecliptic, contained between a given me- 
ridian and that which pafles through the iirft point 
of the conftellation Aries; the faid point being 
always at the weftern extremity of the arc. 

Right afcenfion is an arc of the celeftial equator,, y 
contained between a given hour circle and that which 
pafTes through the firft poiht of the conftcllation ' 
Aries; the f^d. point being always at the wdlern 
extremity of the arc. Declination is an arc of the 
hour circle, contained between a given place and 
the equatpr. 

The circle which divides the enlightened hemi- w 
fphere of a planet from its dark hemifphere is called 
the Terminator. It may in mod: cafes be confider- 
cd as a great circle. 

Let N E s Q^(fig. 62 and 63) reprefent the Globe x 
of the Earth, and c the Sun: then the circles n m s, 
N M s, &c. will reprefent the meridians interfering 
the Equator e c^at right angles, and paffing through 
the poles n and s. The lines pp, pp, &c. will re- 
prefent the parallels of latitude; and the line c m 
will reprefent the plane of the Earth's orbrt. 

Now it is evident, that it is day at any given y 
place on the globe, fo long as that place continues 
, in the enlightened hemifphere; and that when by 
the diurnal rotation it is carried into the dark hemi- 
fphere it becomes night; twilight not being here 
confidered. And from the contemplation of figure , 

N 4 63, 
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63, it appejirs, that if the poles be fituated in tho 
terminatoy, the terminator will divide each of dio 
parallels into two equal parts, and confequently, 
fince the uniform motion of die Earth caufes any . 
given place to dcfcribe equal parts of its parallel in 
equal times^ the days and nights will be equal on 
every parallel of latitude; that is to fay, all over thfe 

-, globe, except at the poles, where the Sun will nei- 
ther rife npr fet, but continue in the horizon. 

^ But if, as in figure 611, the axis be not placed in 
the plane of the terminator, the terminator will di- 
vide the equator into two equal parts; but the par-, 
rallfls which are fitnated toward3 the enlightened 
pole will have a greater part of their peripheries in 
the enlightened than in the dark hemifphcrc: while 
fimilar parallels towards the other pole will_have a 
like greater part of th^ir peripheries in the dark 
hemifphere. Whence it follow^, that the.firftr 
pientioned parallels will enjoy longer days than 
^jghts, and the contrary^will happen to the latter, 
;hey having Ihorter days and longer nights; while . 
^t the equator the days and nights continue equal. 
AH this is evident from the figure, where it is 
alfo obfervable, thar the diIproportro^ is greateft 
in the greater latitudes; and that places, whofe 
diftance from the pple is lefs than diat of the pole 
from the terminator, muft enjoy either a conftant 
day or ponftant njght, the rotation of the Earth 
never carrying them into the pppofite hemifphere. 

h In this pofition of the axis the inhabitants on the 
pne fide of the equator tn^y be faid to enjoy imx^ 



mer^ 



CRAKOB OF SSASOWS. 1 85 

mcfj and thofc on the other fide winter with refpeft 
to, each other. For the long duration of the Sun 
above the horizon mull occafion a proportionally 
greater degree of heat> and its longer abfence from 
places fituated in the other hemifphere muft have 
the contrary efiedl:, 

Biit this is not the only caufe of the difference of b 
lieat at the different places. A ipeftator at c, which 
is 90^ diftant from^ the terminator> will have the 
Sun inr die zenith; a fpeAator at t will fee the Sun 
in the horizon; and> for every intermediate diC- 
tanccj the arc of a great circle comfM^ehended. be« 
tween the terminator and the place of objervation 
will be the mcafure oT the Sun's altitude. There- 
fort every parallel between <^ and the enlightened 
pole will have the meridian altitude of the Sun in- 
creafedj by the angle n m t^ beyond what it would 
have been had the pole continued in the plane of 
the terminator: and every place between Q^and the 
dark pole will have the Sun's meridian altitude di- 
minifhed by the fame quantity. Between o and q^ 
the former altitude thus' increafed, making a fum 
greater than 90^, the altitude muft be meafiired 
by its complement. And between s and t the 
aldtude yriU be a negative quandty, or beneath the 
. horizon: This difference of the akitudes of the 
Sun muft caufe an increafe of heat towards the 
enlightened pole, and an equal diminution towards 
the dark pole. For the greater the Sun's altitude, 
tlic more direftly its rays fall on any furface; and c 
|n furfaces of the fame magnitude the quantity of 

light 
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]^ht received by each is as the fine of the angle 
of obliquity with which the rays fall *. 

D It remains to be fliewn, that thefe relative iitu* 
ations of the axis and the terminator take place ar 
Afferent times of the year, with refpeft to the 
Earth; which being proved> the vicillittide of fea«. 
ions muft follow as a neceflary confequence. 

B In fig. 65. Let c reprefent the Sun, abdg 
die Earth's orbit, nearly circular^ but which bring 
viewed obliquely, appears like a long eUipfis, of 
which let the part b p, be fuppofed neardt the Ipec- 
tator. And let the four circles, diftinguifhed by 
the months March} June, Sepljember, and De- 
cember, reprefent the Earth in four ieveral parts 
of its orbit, k s being its axb. 

w Obfervation (hews, that the axis of the Earth 
always prcfcrves very nearly the fame pofition with 
refpefft to the fixed ftarsj being inclined to the. 
axis of its orbit in an angle of about 23^ degrees. 
It will not therefore preferve the fame relative pa- 
fition with refpcft to the terminator. For when 
the Earth is in the fituauon diftinguiChed by the 

♦Let the line a b (fig. 64) reprefent a furfacc, on which 
the column of light N o a b falls perpendicularly. A fur- 
face A c> of the fame magnitade, receiving the light oblique- 
ly under the angle j c k^ will intercept only fo much as 
would have fallen on the fpace a e and another furface a o^ 
receiving the light (till more obliquely under the angle l d m, 
will intercept only fo much as would have fallen on the fpace 
A F. But the fpaces or lines a b and a f are the fines of the 
angles of obliquity } c ic and L D m; whence th^ propofition 
U evident, 

month 
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cnonth March, its axis will at that time be ia the 
plane of the terminator, and confcqiiently the days 
and nights will be equal all over the globe (i 83, v): 
but when by its annual motion it is carried towards. 
A, the north pole n, the axis ftill prefcrving its pofi- 
uon or continuing parallel to itfel^ will advance^ 
into the enlightened hcmilphere, and in. the month, 
of June will be 234^ degrees diftant fron\ the tcr-. 
nunator, as in the fcheme, the fouth pole bemg 
at the fame diftance in the dark hemifphere> There- 
fore in the month of June the northern parts will 
<njoy long days and^ fummer, while the fouthera 
parts have fliort days and winter (184, z)* 

During the interval between the time of equal o 
days and nights in March^ which is caUed the 
venial equinox, and the time when the day is 
longeft in June, which is called the fummer fol- 
ftice, the north pole will have defcribed a quarter 
of a circle in the enlightened hcmifphere with rc- 
ipeA to the terminator, and confequendy will be 
at its greateft diftance from it. From that time 
it will, by delcribing the other . quarter, approach 
the terminator, the days gradually fhortening till 
the Earth arrives at the pofition denoted by the 
month September, when, the axis again coinciding 
with the plane of the terminator, the days and 
nights will be equal. This is called the autumnal 
equinox. During the next quarter the north pole 
will defcribe a quarter of a circle in the dark he- 
jnifphere, and the. days will fhorten till Decepibcr, 
■when th^ pole wiJl be juft as far within the dark 

' ' ■ . as- 
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as in June it ^as in the enlightened hemiiphere,* 
which time is called the winter folftice: From the 
winter folftjce to the vernal equinox, the days will 
kngthen as the pole approaches the terminator; 
and at the inftant in which the axis again coin- 
cides with its plane, the natural year, confiding of 
365 days, 5 hours, 48 minutes, and 454- feconds, 
iaiiniihed. 

It is eafy to conceive, by applying the fame ex- 
planation to the fouth pole inftead of the north,* 
that the inhabitants of the fouthern hemifpherc 
have the fame viciQitudes, though not at the fame 
time; for it is winter in one hemifpherc while it 
is fuifimer in the other, &c. &c. 

As the pole n (fig. 62) advances in the en-« 
lightened hemifpherc, the Sun will be m the zemth 
of a place g, as far diftant from the equator, as 
the pole is from the terminator; therefore the 
grcateft latitude at which the Sun can be vertical 
IS aji degrees. * The' parallels of latitude on the 
Earth of 23^ degrees N. and S. as alio the cor- 
refpondent parallels of declination in the heavens, 
are called the Tropics, becaufe the Sun when it 
arrives at them afterwards returns towards the 
equator. The ^un, when it arrives at the northern 
tropic, is juft entering^ the fign Cancer, and when 
it arrives at the fouthern tropic is juft entering the 
fign Capricorn; for which reafon the northern tropic 
is called the Tropic of Cancer, and the ibuthcm 
tropic the Tropic of Capricorn. 

CHAP. 
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CHAP. XIV. 



OF THE FIXED STARS. 



Though in a former chapter of this feftion it ic 
was mei^oned ( 104) that the relative fituations of the 
fixed ftars do not vary^ yet that aflertion is not to be 
underilood in abfolute flridneis. In the courfe of ages 
feveral variadons have been obferved amongft them. 
Some of the larger ftars have not the fame precife 
fituations that ancient obiervations attribute to them; . 
and it is probable that the inftances of this 
kind would have been much more numerous if 
accuracy of bbfervanon had not been confined to ^ 
very late period. New ftars have likewife ap- 
peared from time to time, and feveral of thofc 
whofe places and magnitudes are inferted in the 
old catalogues are not now to be found. Some 
of the fixed ftars are likewife found to have a pe- 
riodical increafe and dccreafe of magnitude. 

The bright ftars Arfturus, Sirius, Aquila, and l 
AWebaran, have been obferved to change' their 
places. The firft is found to move towards the 
fouth, about 2r minutes of a degtee in a century, 
Sirius has advanced about a minutes to the fouth 
in a like period. The changes of place in the two 
latter, are yet fmallcr and lefs fettled. 

All the ftars fpoken of in the prefent chapter M 
are fubjed to no parallax (130, z), according to 

the 
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the mort accurate obfervations by wKich molt of 
their places were fettled > and focne of them have 
been obferved with inftromcnt^ of fuch delicacy, 
that it is prefumed their parallax would have been 
feen> if it had amounted to one iecond of mea- 
fure. 

Without attending either to the celcffial changes 
recorded by ancient authors, who for the moft 
part were not aftronomersj and pafljng the lefs ob- . 
vious mutations in filence, we (hall here note a 
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few of the moft rematkable new or changeable 
ftars. 

On the 8th of November, 1572, Cornelius 
Gemma attentively confidered that part of the 
heavens which is called Cafliope*s Chair, and per- 
ceived nothing extraordinary. But the following 
night a new ftar appeared, forming a perfeft rhom- 
bus with the three ftars a, C, y, of that conftel- 
lation. Its fplendor exceeded that of Jupiter when 
greatcft, and was fuch, that it was fecn even in 
the day-time. Tycho Brahe, who faw it on the 
nth, determined its longitude 6^ 54' of Taurus, 
with 53^ 45' N. latitude. It began to diminifli 
in December, and became gradually lefs confpi- 
cuous, till it difappearcd in March, 1574. This 
remarkable ftar had no apparent motion, and 
confcquently no parallax, and its appearance was 
Iparkling and clear, like that of the other fixed 
ftars. It has not fince been feen. 

September, 1604, O. S. the fchqlars of Kepler 
obferved a ftar in the right leg of Scrpentarius, which • 

was 
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was not there tbe night before. Its luftre fee^is to 
have been nearly equal to that of the new ftar ia . 
Calliope; for it is defcribed as exceeding Jupiter in 
brighthefs. ' It gradually decayed like that, and in 
nearly the fame time difappeared, not being per* 
ceived after the beginning of January, i6o^. . Its' 
right afcenfion, as obfcrved by Kepler, was con- 
ftandy 256° 57', and its declination 21014-S. 

The firft ftar that was obferved to have a perio- <i^ 
dical change of brightnefs was difcovered by David^ 
Fabricius in the neck of the Whale, on the 3d of 
Auguft, 1596* O. S. Its greateft brightnels is equal 
to that of a ftar of* the third magnitude; and it is 
Icarcely ever fo fmall but it may be feen with a Cix 
foot telefcope. The period in which it pafles 
through all its changes, is at a mean^334 days, but 
no part of the phenomenon is perfedly regular. 

Three changeable flars have been obferved in the r. 
eonftelladon of the Swan. The firft difcovered is 
near the ftar y in that conftellation. Its greateft 
luftre is lefs than that of a ftar of the third magni- 
tude, and it diniinifties to that of the fixth magni- 
tude. Its changes are far from being regular, and 
do not take place but after intervals of ten or more 
years. 

The next and moft remarkable of the changeable s 

flars in the Swan is marked x by Bayer. This is 

more regular in its returns than the preceding, 

through its magnitude is feldom greater than the 

fixth. Its period is fettled at 405^^ days, and its 

greateft luftre in the year 1785 was about the 

14th of July. 

The 



Ipi CHAilGEAiLB StARS* 

T The third was feea near the head of the ^wait 
on the loth of June, 1670, of about the third 
magnitude, and was fo far diminiihed by the Oc- 
tober following as to be Icarcely vifible. In the 
beginning of April, 167J, it was again leen rather 
brighter than before^ and diminifliing during that 
month, became once more at its greateft brilliancy 
at the beginning of May* By a compatifon of 
thefe obfervations, its period fcemed about tea 
months. It difappeared about the middle of Auguft, 
and was again ieen on the 29th of March, 1,6721 

. fince which time it has not appeared. 

u The ftar Algol, or Medufa's head, has been long 
.fince obferved to appear of different magnitudes 
at different times ; but the difcovery of its period 
is due to John Goodrickc, Efq; of York, who 
has obferved it fince the beginning of the year 
1783. It periodically changes from the firft to the 
fourth magnitude; and the time employed from 
one greateft diminution to the other, was Anno 
1783, at a mean, 2 days, 20 hours, 49 minutes, 
3 feconds. The change is thus. During four 
hours it gradually diminilhes in luftre; during the 
fucceeding four hours it recovers its firfl magni- 
tude by a like gradual increafcj and during the 
remaining part of the period, namely, 2 days, 
1 2 hours, 42 minutes, 3 fcconds, it invariably pre- 
fcrves its greatefl luflre^. after the expiration of 
^hich term the diminution again commences, &c. 

V Many of the fixed flars, upon c^jamination with 

_ the telcfcope, are found to confift of two. The 

number 
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ftumbcr obferved before the time of Herfchel * was 
but fihall; .but ^h^ celebrated ^aftronomer> who 
ftands unrivalled for the excellence of his inftru- 
ments^ and his fHlful induilry in ufing them^ has 
noted upwards of four hundred. , 

Befides the phenomena already mentioned, there w 
are many nebulae, or parts of the heavens which are - 
brighter than the reft. The moft obvious to com- 
mon notice is that large irregular zone or band of 
' light which crofles the ecliptic in Caneer and Oipri- 
com, and is inclined to it m an angle of about fixty 
degrees. Odier nebulae are feldom fo large as to 
be fccn by the naked eye, to which they appear as 
Im^liyfiars. If the telefcope be applied to them, 
they feem t6 be luminous Ipots of various figures, in 
fome inftances with ftars in them. The number of 
tiebi^ afqertained before Herfchel arc about ^03, 
. and that obfover had dete<9«d 466 more, previous 
to the month of April 1784. Many of the nebulas 
are pefolvabk by* the telefcope into dufters of fmall 
ftars; and it is found that telefcopes of greater power 
refolve thofe nebulae irt to ftars, which appear as white 
clouds in inftruments' of Jefs jforce. Hence there is 
good reafon to concluc^e that they all confift of 
clufters or prodigious aggregates of ftars. 

Dr. Herfchel has rendered it highly probable, x 
both from obfervation and well-grounded conjcfture, 
that tbeftarry heaven is replete with thefe nebuljE or 

• Dr. Herfchel's numerous and important difcovefies are in- 
ferted in the late volumies of the Phllofophical Tranfaaions, 
as are alfo the accounts j^f Algol. 

ToL.I. O fyftems 
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fyftems of ftar^ of various figures^ and diat tht 
milky-way is that particular nebula in which our 
Sun is placed. Nothing m6rc is ncceflaryin or- 
der to account for the appearance it exhibits, than 
to aflume its figure as being much more extended 
towards the apparent zone of illuminarion than in 
other dire£lions. And the obfervations on the va- 
rious figures of the . nebulas render this fuppolition 
perfectly allowable. 

The want of an annual parallax in the fixed (tars 
evinces, that a luminous" body, whofe diameter is 
equal to that of the Earth's annual orbit, would not 
fubtend a fenfible angle if feen fit)m the fixed ftars. 
Much lefs therefore would the Sun, if viewed from 
fuch a difbince. It may therefore be fairly con- 
cluded that the Sun, when feen from any fixed 
liar, muft have much the fame appearance as t 
fixed flar feen from hence : or, in other words, the 
fixed flars -are funs. 

Reafbning then analogically, as far as the na- 
ture of the fafts we poflefs will admit, it may be 
deduced; firft, that the univerfe ponfifts of nebute, 
or diftinft fyftems of ftars ; fecondly, that each ne- 
bula is compofed of a prodigious number of funs, 
or bodies that fhine by their own natiye fplendorj 
thirdly, that each indiWdual fun is deftined to 
give light to hundreds (124, r; 161, w. 164, r) 
of worlds that revolve about it, but which can 
^ no more be feen by us, on accoiint of their great 
diflance, than the folar planets can be fcen from the 
fixed Itars. 

-• ^ * 
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Yjetj as in this unexplored^ and^ perhaps, iinex- a 
]plorable abyfs of Ipacej it is no necciTary condition , 
that the planets ihould be of the fame magnitudes as 
thoie belonging to our iyftem^ it is not improbable 
but that pl^etary bodies niay be difcovered among 
the 4ouble and triple ftars. 

Our curiofity is 'much interetted in the contem- c 
plation of the phenomena of new and changeable 
ftars, but the caufes that may be offered with plaufi- 
bility to folve thefe appearances are not many. 

If the light of the Sun and fixed ftars be ima- s 
gined to proceed from^ a combuftion fimilar to that 
w^iich is required to produce light in our experi- 
ments, it may happen that when all the inflammable 
matter is decompofed the ignition may ceafe. Or, 
if a mafs of matter adapted for inflammadon begin 
by any caufe to burn, its ignirion and emilfion of 
light will then commencA Thefe confiderations 
may explain the difappearance of fome ftars, and the 
appearance of others. And as there are no data to 
fix the time between the beginning and end of the 
appearance, the ftars may laft for any given time^ 
according to circumftances. 

The fpots on the Sun (174, v) have afforded d 
a conjecture refpefting the caufe of the periodical 
change of brightnefs in fome ftars. For, if a ftar 
be fuppoled to have a fpot of confiderable magni^ 
tude, and to turn on its axis, it will be much brighter 
when the ^t is not on the vifible difc than when it 
is. However, it muft be confeffed, that the pheno- 
mena, do not in general agree withkthis fuppofition, 

O 2 which 



"Which cannot eafily be reconciled fo the permanent 
brightnefs or obfcurity that pitvails in the change-* 
able ftars for more thain half thfe petiod. 

X If a ftar, by a fwift totatioft, be makflc to affiime 
and prefcrve a flattened figure, and iti axis haVe a 
rotation fimilar to that liereafter to be explained in 
the Earth, it will be much lefs bright when its 6%c 
is prefented to the obferver than when the viffclc 
difc is projcfted bri>ader. 

¥ Or, Jaftly, if a large planet revolve about a 
ftar, it may occafion certain periodical eclipfes of 
fufficient magnitude and duration to be perceived 
by us, on account of the tjuantity of light inter- 

G cepted. Thus, for example, if an opaque planet^ 
whofe diameter is not much lefs than that of Algol 
be fuppofed to revolve about that ftar at the dif- 
tance bf thirty-three diameters' of Algol, in the given 
' J)eriod of 2 days, 20 hours, 49 minutes, 3 feconds, 
in an orbit whofe plane paffes at prefent through 
, or near the Earth, it will caufe certain eclipfes that 
win agree very wel|| witli the appearances obfervcA 
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CHAP. I. 

OF THE GENERAL EFTXCTS OF CENTRIPETAL FQRCIS 

ON BODIES IN MOTION. 

. Wb are now to refume the confideration of bo- a 
dies in motion, which are afted on by a centripetal 
force (94, i) andto apply that doftrine to the phe- 
nomena explained in the preceding feftion. 

Let AB c D, &c, (fig. 66) be a regular polygon, b 
infcribed in a circle. If a body be fuppofed to re- 
volve in that polygon, it will be neceflary that a force 
direded to the center s fhould^ be applied at the 
points B, c, D, &c, to defledl the body from its right 
lined courfe (ai, p). The more nunicrous the fides 
of the patygoti are, the nearer they will be to the cir- 
cular curvc,,and the more fi-cquent mull be the fucccf- 
6ve ^ftijQiOS {of the centripetal force, .And if the num- 
ber of fides be ipfiniijely great, the polygon wll abfo-* 
Uitely foiocide with the- circle, or become a circle, 

Q 3 and 
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and the a6tions of the centripetal force muft be infi« 
nicely numerous, or the force will aft without inter- 

c miffion. Confcquently, whatever may be proved in 
general of a body ipoving in a regular polygon by 
an origin^ uitiform motion, combined with the 
motion produced by the fucceffivc aftions of a force 
direded to the center of the polygon, will hoU 
good with relpe£b to the motion of a body in a 
circle, the centripetal force being fuppofed to &6t - 
without intcrmiffion. 

D In our reafoning concerning centripetal forces, it 
is here fuppofcd that a given force adts on bodies 
according to their maffes, like gravity (26, a) and 
confequently/caufes equal deflexions in each from 
the right lined courfe. ^ 

B The intenfity or quantity of any force is meafured 
by the cfFeft it produces in a given time (ai, q^. 
38, t). Suppofe a body to be projedted from m 
to A, fig. 66 f a centripetal force reprefented by a R 
will caufe it to defcribe the linp a b inftead of a Q^in 
an equal fpace of time (23, t). If the velocity in ma 
had been greater, the adlion of jthe force in the line 
a r muft have been greater in the lame proportion 
to have caufed the fame defleftioui that is, the 
ccntripetar force .muft at each point of deflcftion be 
as the velocity. But again, the greater the velocity- 
the greater number of fides of the polygon will be 
defcribed by the body in a given time, and the more 
frequent muft be the adions of the centripetal force. 
•For this reafon therefore, the number of the aftions 

w oiuft like wife be as the velocity. On both accounts, 

therefore, ^ 
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therefore> the whole eScA of the force in a given 
timt, or its intenfity, muft be in the duplicate 
proportion, or as the iquare of the velocity, that 
is, limply as the velocity, becaufe the actions 
themfelves are greater or lefs in that proportion; 
and again, (imply as the velocity, becaufe the 
. aftions take place more or lefs frequently in the 
iame proportion. And the fame is true of the o 
cScGt of an unceafing force jthat^may caufe the 
body to revolve in the circle in which the polygon 
is infcribed (198,' c)» 

The polygon nop being fimilar to the polygon k 
ABC, will, with a given velocity, require the 
lame aftion to caufe the requifite dcfledions from 
the r^ht lined courfe in a body revolving in it. 
But thofe adions ipuft recur oftener in propor- 
tion as the Gde of the polygon n o p is leis than 
that of the polygon a b c, becaufe a proportion- 
ally greater number of the fmaller fides will be 
pafled over with the fame velocity. The force in 
the fmaller / polygon muft therefore be increafcd 
in the inverfe proportion of its fide to that of the 
greater, or, which is the fame, in the inyerlc pro- 
portion of their radii. On the whole then, the i 
^ntripetal forces, by which bodies are retained in 
circular orbits, (198, c) arp in a ratio com- 
pounded of the direft ratio of the fquares of the velo- 
cities, ( I g^i F. g) and th^ inverfe ratio of their femi* 
diameters. 

The periodical tinies of bodies revolving in cir* k 
clics ^re greater, the greater die radii, and lefe, the 

O 4 - • greater ■ 
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greater the velocities. That is to fay, the periodi- 
cal times are diredtly as the radii, and inverfely as 
the velocities. ^ 

L If the centripetal forces be fuppofed to increaft 
ds the cubes or third powers of the radii decreafe, 
the cubes of the radii will be inverfely as the 
fquares of the velocides, and diredly as^the radiis 
bccaufe the forces themfelves are inverfely in this 
compound ratio (i99> i). Whence the fquares of 
the velocities will be direfUy as the radii> and in- 
verfely as the cubes of the radii; or more limply, 

M as the fquares of the radii inverfely. And the ve- 
locities themfelves will confequendy be inverfely as 
the radii. • . . 

N If the fquares of the periodical times be direftly 
as the cubes of the radii, the cubes of the radii 
will be (i99> k) direftly as the fquares of the 
radii, and inverfely as the fquares of the velocities. 
Therefore, the ftjuares of the veldcities will be 
direftly as the fquares of the radii, and inverfely 
as the cubes of the radii ; or, more fimply, as the 

. radii inverfely. Now the centripetal forces (199, i) 
are direftly as the fquares of the velocities, and in- 
verfely as the radii. Therefore, if in this lafl com- 
pound ratio we fubftitute the invcrfe ratio of the 
radii, inftead of the direft ratio of the fquares of 
the velocities, to which it is equal, we fhall have 
, the forces in the inverfe ratio of the fquares 

o of the radii. That is to fay, if the fquares of the 

periodical times of bodies revolving in circles be 

7 , direftly 
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dice6Uy as tfae^ cubes of die radii, the centripetal 
forces will be inverfely as the fquarcs of the radiL 

The velocity of a body ipoving in a curve, and p 
aflicd on by a centripetal force, is inverfcly as the 
perpendicular let fall from, the center, to the tan- 
gent drawn through diat point of the curve at whkh 
the vdocity is required. Let a b, %• 67, be a curve 
in which a body moves, deicribing ecpsal areas in 
equal times (95, m)^ about the point c, Thea 
the vctocity at the points d and r will be inverfdy 
as die perpendiculars c k, .c i, let fall from c on 
the tangents d ji, f i to the curve in the points d, 
r^ For if the body move diroi^ the Spaces de^ 
FQ, in equal indefinitely fmall portions t£ wane, 
liiofe lines may be taken for pordons of the tan^ 
gents D H, F I, and the triangles doe, f c g, wiH 
be equal (95, m). But the bales o £, f c, of equal 
trianglesi are inverfely as the perpendiculars c h, 
c I. And velocides being as the bafes; b e, f g, 
deferibed in equal times, mull aHb be in the fame . 
inverfe ratio of thofe perpendiculars^ Which was 
to be (hewn. - 

If a body, aftcd on by a centripetal force, di- q^ 
refted to c (fig. 68), be projeded from u, in a 
direftion at right angles to u c, but with a Velocity 
too fpjall to caufe it to revolve in a circle u a, it 
will fall within the circle, by the greater preva- 
lence of the centripetal force. As it approaches > 
the center, its velocity muft increafe (96, r), and 
fo muft likewifc its tendency to recede from the 

center. 
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center* If the centripeeal force increafes in the 
&me or in a higher ratio than that tendency, the 
body will ftill condnue to approach, and at length 
&I1 into the center. But if t1ie centripetal force 
iocreafes in a kfs rado,' the increafing velocity will 
caufe the body to move in a cocirfe-le& and lefs 
inclined to the radius, ' till at length it becomes at 
right angles to it, and recedes again from the 
center, becaufe by the fuppofidon, the velocity is 
too great for the body to move 'there in a circu- 
lar orbit. In the recefe from the center die velo- 
city mufl: decreafe (96, r), and a fimilar cunre 
be defcribed by the body, (ill its courfe becomes 
«gain at right angles to the radius, ahd it is again 
caufed to approach the center. And this alterna-* 
lion will continue for ever. 

I The afferrion refpefting the fimilarity or rather 
congruity of the curves between the apfides rhay 
be eafily evinced from fig. 40. For if a body be 
luppofed to move from h to c, and to be rcfleded 
back from c, in the direftion and with the velocity 
c D, it is unneccffary to fliew that it would again 
dcfcribe the fame polygon ch. And the fame 
holds good of curves (95, m). Now a body that 
arrives at its apfis muft move with a velocity and 
direftion which, with refpeft to the center, is equi- 

. talent to its being refleded back in the contrary 

direftion, becaufe in either cafe it will begin to 

move with a given velocity in the tangent of the 

fame circle. 

It 



UPON BODIES IN MOTION. aoj 

It woyld carry us too &r into the confideradon s 

of the nature of thofe curves that may be defcribed 

by bodies aded on by centripetal forces> if wc 

were to enquire minutely into the confequences diat 

would follow from the fuppofition of various laws 

of its increafe or diminution» according to the diC- 

tance. Our purpofe will be fufficicndy anfwcred 

by attending to the velocities of revolving bodies 

in their apfides. Let a body (fig. 68) be pro- T 

jc6ted from u towards a, in a diredtion at right 

angles to cu, a line dr^^n from the point c^ 

to which let the centripetal force be fuppoled to be 

diredjted. Suppofe the velocity of prqjedbion to 

be lefs than would be required to carry the body 

in a circle at u^ and the body will accede towards 

the center, by pailing through a curve u d f. If 

the law of the centripetal force be fuch (201, <xj) 

^ to fuffer the body to recede again, after coming 

wjthin a certain diftancc of the center, thejre wiU 

be Ibme point l, at which the body, previous to its 

^oing oft will neither approach nor recede from 

die center, but move in a direftion at right angles 

to the radius. This point is the lower apfis, and 

its velocity will then be inverfcly as the perpendi** 

cular CL (aoi, p). 

Let us fuppofc the centripetal force to be in- u 
verfely as the cube of the diftance from c. Then 
(200, m) the velocities neccflary to carry a body in 
a circle at u or l will be inverfely as the diftances 
u c, L c. The afhial velocities at u and l are in 

the fame ratio, and the velocity at u is known to , 

•- be 
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be too fmall to carry it in a circle there. Conic- 
qtientlf >, the adtual velocity at l mull -bt likewife 
coo fmall in the fame ratio, and the body will conr 
tinue to approach the center, after having paiied 
the apfis. It will not, dierefore, flefcribe a curve 
congruous with the curve defcribed in its paflage 
between the two apfidcs. But this laft confequence 
being contrary to what has been already proved 
(ao2, r) miift be falfc, and fo , muft likewife be 
Ae original fuppofition from which it was deduced. 

V Confcquendy it is not true, that a body projefted 

with a vekxity too fmall to keep it, in a circle, 

and afted on by a centripetal force inverfely as the 

«cubes of the diftances, can ever arrive at the lower 

w apfis. It muft therefore continually approach the 
center, and at length fall into it. 

X If the body be fuppofed to be originally pro-, 
jefted from l, the lower apfis, with a velocity too 
great for the centripetal force, accorciing to the 
fame law, to retain it in a circle, it may be Ihcwn 
by fimilar argumentation that it would never ar- 
rive at the higher apfis, but would continually re- 
cede from the center. 

y Titus it appears, that the inverted ratio of the 
cubes of the diftances is the law of centripetal force 
that limits the revolutions of bodies in curves that 
admit of alternate approach and recefs from the cen- 
ter. . For if, according to this law, a body, after once 
beginning 'to approach the center or to recede from 
it, cannot but continue that approach or recefs, ' 
it muft be^much more ftrongly urged in the fame 

manner 
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maimer by a ccntri|fetatl force that follows the m- 
verted ratio of fome higher power of the diftance. 
And again> if the law of the force follows fomc 
inverted ratio Icfs than that of the cube of the 
diftance, the velocities required to retain bodies 
in- circular orbits will be Ids than after the in- 
verted ratio of the diftance as that law would re- 
quire (200, L, m). Whence it follows, that fince ^ 
the velocities in defcending frqm the upper apfis 
increafe fafter than the dlftanccs decrcafe, the per- 
pendicular c H^ fig. 67, being lefe than the diftance c d 
(aoi, p), the motion of the body will be dirc6led 
kfs and lefi towards the center, till it becomes at 
right angles to the radius, the body bsjqg then 
in the lower apfis. After which it muft afcend 
throqgh a curve fimilar and equal to that it before 
defcribed in pafllng^between the apfides (202, r). 

Hence it is feen, that when the centripetal force z 
increafes in approaching the center in a lefs ratio 
than the inverfe ratio of the cubes of the diftances, 
the law of its increafe may be found from the quan- 
tity of angular motion employed in paffing from 
on^ apfis to the other. For the diftance between a 
Ae upper and lower apfis will be greater the nearer . 
the law of the centripetal force approaches to that 
ratio, becaufe the body muft run through a greater 
(pace before the tendency to recede from the cen- 
, ter, arifing from the velocity and dircftion, can be 
equal to the centripetal force. 

If a body revolves in an elliptical orbit, defcrib- b 
iAg equal areas in equal times about one of the 

foci, ' 
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fbci> the apfides will be at the two extremities oT 
the tranfverfe diameter, or i8o^ of angular mo- 

' tion apart, the centripetal force will be dire(5ted 
to that focus (95, n), and its intenfity will be in* 
verfely as the iquare of the diftance *. 

c If a body revolves between two apfides, and 
the centripetal force be inverfely as fome power of 
the diftance, greater than the fquare and k(s than 
the cube, the diftance between the apfides will be 
more than 180^. But if the centripetal force be 
inverfely as fome power of the diftance lefs than 
the fquare, the diftance between the apfides will 
be leis than 180^ (205, a). In thefe cafes the 
orbit may be confidered as an ellipfis whofe tranf- 
verle diameter, or line of the apfides, is not ftadoh- 
ary, but revolves on the focus to which the force 

D is direfted. The apfides may therefore be faid to 
revolve in confequentia, or with, the moving body, 
when the force in approaching the center is greater 
than after the inverfe ratio of the fquare of the 
diftance; or to revolve in antecedentia when the 

E fore* is lefs than after that ratio. And the quief- 
cence of the apfides will be a proof, that the cen- 
tripetal force is accurately in the inverfe ratio of the 
iquare of the diftance. 

F The periodical rime of a revolution 1 about the 
focus in a quiefcent ellipfis is equal to that which 
would be employed in defcribing a circle whrfe ra- 
dius is half the tranfverfe diameter of the ellipfis f . 

*Principia, I. §§. 3, 9, f Frlncipia, I. 15. 

> Therefore, 
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Thereforej if the fquarcs of the periodical times o 
of bodies revolving in ellipfes be diredly as the 
cubes of the mean diftances (200, o) the centri* 
petal forces^ will be inverfely as the fijuares of the 
diftances. 

CHAP. II. 

THE I^NIVERSALltY OF ORAVITAtlON DEDUCED 

FROM ITS EFFECTS. 

The planetary bodies being in motion would 
. (ai, p) continue to move for ever in ri^t lines, un- 
kfs compelled to change their ftate by forces im- , 
prcfled. Bnt they move in curve lines (121, k), a 
and confequendy muft be a6ted on by forces that 
continually dcfleft their courfes out of the right 
lined direction. 

Every primary planet moves with liich a velocity f 
and direAion^ that a line joining the centers of the 
planet and the Sun defcribes equal areas in equal 
times (121, k). Whence it follows, that the cen- 
tripetal forces which retain thcfe planets in their 
orbits are (95, n) direfted to thfc Sun's center. 

The periodical times of the primary planets are 
fug)i> that their ' fquarcs are diredlly in proportion 
to the cubes of their mean diftances from, the' Sun. 
Their orbits arc (121, if) elliptical, and their ap- 
fides quiefcent. From thefe phenomena it is proved k 
(207, G. 205, B; 206, e), that the centripetal forces 
are inverfely as the ^ fquares of the diftances from 
the Sun. • ' 

6 t Slvcry 
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208 CENTRIPETAt JPORCSS OF KANITS. 

Every fecondary planet moves with fiich a 
velbdty and dire^on^ diait a line joining the cen^ 
ter of the fecondary with that and its primary^ , de- 

L fcribes equal areas in equal times. The centripe<- 
tal forces retaining thefe bodies in their orbits con- 
fequendy are {gs, n) direftfd to the centers of 
their r^fpeftive primaries. 

The periodical times of Saturn's moons are fuch 
that their fquares are direftly in proportion to the 

M cubes of their diftances. And, therefore, the cen- 
tripetal forces are inverfely a& the fquares of the 
diftances (200, o). 

N The fan;ie phenomenon in Jupiter's mooAS 
ihew, that their centripetal forces feUow the iame 
law. ^ 

o The orbits of Satut-n's and Jupiter's moons atjc 
here taken to be circular. For obfervatbn has QOtv 
yet eftablifhed the eccentricity of any of thefe or- 
bits, except that of Jupiter's fourth fatellite. 

The Moon is carried about the Earth with fuch 
a velocity and diredion, that a line joining its 
center and that of the Earth, defcribes equal areas 

p in equal times .(14J, f). It is therefore retained 
in its , orbit by a force direfted to the Earth's 
center. ' 

The Moon's 'orbit is elliptical, and its apfides 
quiefcent. Its centripetal force is therefore in^ 
verfely as the fquare of its diftance (205, b. 206, e). 

Every comet moves with lirch a Velocity and , 
diredtion,, diat a line joining the centers of the* 
comet and Sun defcribes equal areas in equal 

times 
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times ( 1 60, v). The centripetal forces retaining' r 
the comets in their orbits is ($5, n) therefore di- 
refted to the Sun* 

All the comets are pbferved to dcfcribe either el- 
lipfes, or parabolas, which in all probability are the 
lower portions of ellipfes (160, u, v). Thofe 
-whofc return has been obferved have their apfides 
quiefcent. Whence it follows* (205, b. 206, e), s 
that the centripetal forces are inverfely as the fquarcs 
of the diftances from the Sun. 

It is not to be underftood that the planetary t 
- phenomena are in abfolutc ftridnefs as given in this 
place. But the irregularities are very finall, and 
it will hereafter be fcen, that they are of fuch a 
nature as to give additional force to the deduc- 
tions here made. 

The force that retains the Moon in its orbit is u 
the fame with that which Aufes bodies near the 
Earth's furfacc to be heavy, and is called Gravity. 

To prove this important truth, let us take 57^ v 
for the Moon's horizontal parallax at its mean 
diftance, and that difl;ance will, by plane trigono- 
metry, be found to be 60. 314 femidiameters of thd 
Earth. The periodical time of the Moon is 27 d. 
7 h. 43 m. (142, a), or 3^3^3 minutes^ which is 
the fame period as would obtain if its orbit were 
a circle (206, f) whofe radius is equal to the mean 
diftance, and the centripetal force remained unal- 
tered. To come at the efFefts of this force more 

• For the parabpla> fee Principia, I. 13. 

Vol. L P readily/ 
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2tO PROOF OF THE MOON's 

readily^ it will be convenient to attend to this cir- 
cular revolution. In one minute of time the Moon 
in this orbit would pafs through the tttttt part, or 
an arc of 32.941 Seconds of meafure. The mean 
length of a degree on the Earth^s meridian is 
342^16 Paris feet, which number multiplied by 
60.314, will give 20658510 Paris feet for the 
length of a degree in the fuppofed circular orbit. 
Whence the arc of 32.941 feconds paffcd through 
in a minute may be found in feet/. as alfo its 
vcrfcd fine. The vcrfed fine being the fpacc 
through which the Moon rauft -fell beneath the 
tangent in the time g[ one minute, will be the ef- 
fca of, and will meafure the centripetal force (3^9 e). 
This fpact or verfed fine is 15.0944 Paris feet. 
Now, becaufe the Moon*s centripetal force is in- 
verfely as the fquare of the diftance from the 
Earth's center (208, qj), we may find what its ef- 
fc6t would be at the Earth's furface by faying. As 
the Iquare of 60.314, the Moon's diftance from the 
Earth's centers Is to the fquare of i, the diftancte 
of the fiirfece of the Earth from its center: So is 
the meafure (35, e) of the centripetal force at the 
Moon 15.0944 feet; To the meafure or efFcft of 
the fame force at the Earth's furface, or 54910 
feet. 

» 

w To find whether this (pace ^rees with the fell 
of bodies at the Earth's furface by gravity, we muft 
reduce the time to one fccond^ becaufe we have 
no means of diredUy meafuring the adtual fall of 
bodies during fo long a time as one minute. Now> 

dio^gh 
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^though the centripetal force of the Moon incrcafcs 
in approaching the Earth's center, yet thefe mea- 
fures of that force are ftriftly accurate, be(fauie 
Confidered as they obtain in circular orbits where 
the diftance of the body is not diminiflied by its 
fall: but the difference would in the prefent cafe be 
abfolutely infenfible in fo fhort times as a fecond 
or a minute, even if we fuppolcd the falling body 
to be moved in a right line dircdted to the center. 
The fpaces^ defcribed by falling will confequcntly 
be defcfibed by an uniformly accelerated motion, 
and will be (29, g) as the fquares of the times. 
Therefore as the Iquar^ of 60 fcconds; Is to t|ie 
iquare of i fecond: So is 54910 feet; To 15. 2528 
ftct that bodies would fall through at the Earth's 
furface in 4 fccond by the adtion of the centripetal 
force that retains the Moon in its orbit. 

But bodies fall through 15.084 Paris feet in a x 
fecond, by the aftion of gravity. The fall of 
bodies near the Earth's furface and of the Moon 
are efFefts of the fame kind, and therefore, by 
the lecond rule of philofophizing, are produced 
by the fame caufc. Thar is to fay, the Moon is' 
retained in its orbit by gravity. ^ 

Moreover, (ince it is eftablilhed from the Moon's Y 
revolution in its orbit that a centripetal force exifts 
and afts in the direction towards the center of the . 
EartH, and ho good reafon ,can be given againft 
its aftion that would take place, according to its 
law, on bodies any where lituated, it muft fol- 
low, that bodies fall near the Earth's furface, ei- 

V 2 ther 
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tbcr by this force alone^ or by this force in conjunct 
rion with fome other. But this latter confequencc 
cannot be admitted^ becaufe bodies would then (aft 
with greater velocity than the Moon at the fame . 
diftance; whereas it has been juft ihewn^ that 
their velocities are fomewhat lefs. 

And even this difference between the veloddcs 
of the Moon and of fmaller bodies affords an ad- 
ditional proof, that the fame force of gravity is 
coneerned in both. For the force would have 
proved accurately the fame, as far as obfervation 
can meafure its effcfts, if proper allowance, ac- 
cording to the laws of gravity known from its 
effefb on heavy bodies, had been made in the 
computation • for the mafs of the Moon, and the 
Sun's adion on the Earth and Moon. 

The revolutions of the fatellites of Jupiter and 
Saturn, and alfo thofe of the primary planets and 
of the comets, are phenomena of the fame kind as 
the Moon's revolution about the Earth, and are 
therefore (6, n) to be attributed to the lame 
caufes, namely, to an original or projeftile motion * 
compounded with a motion produced by gravity. 

Adiion and re-aftion (22, r) being equal, it 
follows alfo, becaufe the fecondary planets gravi- 
tate towards their primaries, and the . primary 
planets together with their latellites, as likewife 
the 'comets, gravitate towards the Sun, that the 
primary planets muft likewife gravitate towards 
their fecondaries, and the Sun towards the whole 
fyftem. That is to fay, gravitation is univerfal, 
or a property of all bodies whatfoevcr. 

The 
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The mutual aftion of two bodies (22, r. 95, o) d 
that gravitate to each other is the caufe that if they 
fall, both will approach the common center of gravity 
with equal quantities of motion, or if they have at the 
fame time a projedtHe velocity, both will abfolutcly 
revolve about that center. If one 5f the two bodies 
exceed the other indefinitely in mafs, its velocity 
(19, l) of approach will be indefinitely lefs than that 
of the other in the former cafe, or the radius of its orbit 
will be indefinitely lefs than that of the other in the ' 
latter cafe. Whence the whole relative velocity of ap- s 
proach may be taken for. the abfolute velocity pro- 
duced in the lefs body; or the orbit defcribcd by the 
lefs body about the greater may be taken for that which 
it defcribes about the common center of gravity. 

The fall of bodies near the Earth's furfacc may f 
be regarded as their abfolute^^ motion. For the 
magnitude of the Earth is fo great with relpeft 
to the bodies with which art can make expe- 
riments, that its velocity is incomparably fn;ialler 
than the differences which the imperfedlions of the 
fenfes muft caufe in all obfervations. We may g 
likewife in this place confider the motions of the , 
planets and comets about the Sun as abfolute, 
though the magnitude of that luminary is not fo 
cxceffive as to render thofe of the planets incon* 
fiderable. The fame is to be underftood of the h 
fatellites of Jupiter and Saturn. 

All bodies fall near the Earth's furface with i 
equal velocities (26, a, b). The planets and comets 
being accelerated towards the Sun by powers which 

P 3 arc 



^ 



/ 



a 14 LAWS OF GHAVITATIOW. 

arc (aoy, k. 209, s) invcrfely as the fquarcs of the 
diftances, would confequendy be equally accelerated 
at equal diftanccs. The feme is true of the^fatel- 
Ktes with rcfpedt to the Sun, becaufe they revolve 
together widi their primaries in the annual orbits, 
and alfo with refpeft to their primaries (208, m, n). 

K From thefe equal accelerations it follows, that 
the force of gravity which urges minute bodies to- 
wards any. other larger body, is in prc^rtion to 
the mafs of the body urged. 

L This law of gravity being cftabliflicd from ob- 
fcrvations in cafes where the velocity of the fmaller 
body can be taken without fenfible error, we may 
again refume the confiderarion of the re-aftion of 
the fmaller. Let us call the larger l, and the 
fmaller s. Then, becaufe s is urged towards l, 
by a force which is as the magnitude of s, l will 
be urged (22, r) towards s, with the fame force. 
That is, if s becomes larger, it will attraft l the 
more ftrongly in proportion. Now, s may be 
imagined to become larger, fo as even to exceed 
t in any ratio whatever, and the incrcafe of at- 

M traftion will dill obtain. Therefore, a given body 
Bot only attrads another, in proportion to the 
tnafe of this laft, but alfo in proportion to its own 

N mafs. That is to fay, the force of gravitation ex- 
erted between two bodies is in the compound ra- 
tio of their maflcs. 

o The abfolute force of gravity being in the com- 
pound ratio ef the mafles of the two bodies, .or 
as the maflfes multiplied into each other, will be 

meafured 
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i^ieafurcd by the quantity of motion produced in 
' either body (2 1, o^. 1 9, l) in a given time, or by the 
mafs of the body multiplied into its velocity; that 
is, the numeral produft of the mafles will be equal 
to the numeral produft of the ma(s of one of the 
bodies into its velocity. Now, if each of thefe 
equal produfts be divided by the mafs of the body, 
whofe velocity is confidered, the two remainders 
will be equal, namely, the mafs of the one body will 
be equal to the velocity of the other. Or, more p 
clearly (becaufc we have ufed number, in order to 
avoid the comparifon of ratios, which is lels gene- 
rally underftobd) the mafs of one body will be as 
the velocity or acceleration of the other. Whence Q^ 
it follows, that if the velocities produced in bodies 
by gravitation be known, the proportional mafles 
of the bodies towards which they are urged wiU be 
alio known. 

From this confequence the mafs of any large pla- R 
net may be known from the velocity of defcent it 
produces in bodies indefinitely fmaller than itfelfl 
For the relative velocities of fuch finall bodies (2 1 3, e) 
with refpeft to the larger, may be taken for their^ab- 
folute velocides. Now, the velocities of the planets ; 
towards the Sun, of the^ iatellites of Jupiter and 
Saturn towards their refpeftive primaries (213, o), 
and of projeftiles near the Earth's furface, being re- 
duced to equal diltances of the attracting bodies, as 
was done in comparing the Moon's gravity with that 
of terreftrial bodies (209, v, w^ x) or otherwife, are, 
and confequently likewife their mafles arcj (nearly) 
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as the numbers i, -r^^i -ttVt> ^^^ T-rrTrr- Hence 
alfo the denfities may be found, becaufe their bulks 
r are known from obfervation. Thus, the denfi- 
ties, or fpecific gravities, are in the four bodies juft 
mentioned, lOO, 94T, 2^^ and 400. Thefe num- 
bers may be familiarized to the imagination, by 
obftrving, that if the mean denfity of the Earth be 
fuppofed to anfwer to that of common green glafs, 
the Sun's denfity would be equal to that of dry 
pear-tree, Jupiter's to cedar, and Saturn's to cork, 
u Our knowledge of the remote parts of the pla* 
netary fyftem is too imperfeft to admit of many re- 
V marks on the fafts we can obferve and deduce. It 
is, however, worthy of noticei that the immcnfely 
large planets, Jupiter, Saturn, and the Georgium 
Sidus, would have occafioned great irregularities by 
their attradions on the other bodies of the fyftem | 
ifi inftead of being placed at the great diftances 
they" are from the common center of gravity, and 
from each other, they had occupied the places of 
the fmall planets. Mars, the Earth, Venus or Mer- 
w cury. And if the celeftial fpaces be not abfolutely 
vacuous, but poffeffcd by fome very rare matter, 
(175, a) the refiftance' fuch matter muft afford 
in the courfe of ages to the motions of the planets, 
will be brought nearly to equality in its efFefts, if 
the planets which move fwifter are at the fame time 
more denfe. Laftly, becaufe it is obferved \n the 
conftitution of terreftrial bodies, that the denfer re- 
quire, in many inftances, a higher degree of heat 
to produce given changes in them, it has been con- 
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jeftiircd, not without fome degree of probability, 
that the planets nearer the Sun are for this purpofc 
formed of denfer materials adapted to their fitua- 
tion. 

From the univerfality of gravitation (212, c) x 
it is deduced, that the fixed ftars are either fall- 
ing towards the common center of gravity of the' 
univerfe, or are made to defcribe immenfe orbits 
which ultimately refpeft that center. The life of 
* man, affifted by every traditional record for thou- 
fands of years, feems too Ihort to afcertain the refult 
of this fublime enquiry. It will be a grand acqui- 
fition, if the repeated obfervations of feveral centu-. 
rics to come fliould determine the proper motions 
of the vaft nun>hcr of funs that compofe the nebula, 
(194, z) of which our whole planetary fyftem, 
3vith aU its comets, forms fo inconfiderable a part. 
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CHAP. III. I 

OF THE IRREGULARITIES ARISING FROM THB 
^ MUTUAL GRAVITATION OF THE PLANETS. 

Y .- If the Sun were at reft, and the planets did not 
mutually gravitate towards each other, they would 
defcribe ellipfes, having the Sun in the common fo- 
,cus. But fince they mutually adl on the Sun, and 
on each other (212, c) it muft follow that the Sun 
is perpetually moved about the center of gravity of 
all the planets, which center is the common focus 
of their orbits. This center, by reafon of the 
Sun*s very great bulk, can, in no lituation, exceed 
the diftance of its femidiameter from its furfac^. 

2 Some fmall irregularities arife from thefe mutud 
aftions, but much lefs than would enfue if the Sun 
were at reft, or not fubjeft to the re-aftion of the 
other planets. The irregularities in the motions of 
the primary planets are fcarcely confidcrable 
enough to come under obfervation in the courfe of 
many revolutions: thofe of the Moon, on account 
of its nearnefs to us, and from other caufes, have 
ever been fufiiciendy great, to embarrafs the aftro- 
nomical world. It will therefqre be fufficient to 
explain the latter, , and apply the explanation to the 
former, which are efFefts of the fame kind, 
H If the aftions.of the Sun upon the Earth and 
Moon were equal upon each, according to their 
maffes, and tended to produce motions in parallel 
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direftions, their relative morions would be the fame 
as if no fiich forces acted upon them (79, w). But 
thefe forces vary, both in quantity and direftion, 
according to the various relative fituations of the 
Earth. and Moon. 

Let the point s (fig. 66) reprcfent the Sun, e the b 
Earth, and a d b c the orbit of the Moon. Then, if 
the Moon be at the quadrature a, the diftances e s 
and AS of the Earth and Moon from the Sun, be- 
ing equal, their gra vines towards s.will alfo be 
equal^ and may be reprefented by^ thofe lines £ s and 
AS. Draw the line al parallel and equal io £Sj 
and join Ls, which will be parallel to A E. The force 
AS may be refolved (23, t) into the two forces al 
and A E 5 of which a l, by reafon of its parallelifm 
and equality to es (79, w) will not difturb their 
relative motions or fituation : but the force a e, con- 
Ipiring with that of gravityj will caufe the Moon to 
fall farther below the tangent of its orbit than it 
' would have done if no fuch difturbing force l»ad ex- 
ifted. Therefore, at or near the quadratures, the 
Moon's gravity towards the earth is increafed more 
than according to the regular courfc, and its orbit 
is rendered more curve. ^ 

When the Moon is at the conjundion c, the dif- 
tances ES and OS not being equal, the MoonV 
gravitation towards the Sun exceeds that of the Earth 
in the fame proportion as the fquare of e s exceeds 
the fquare of c s. And becaufe the excefs afts 
contrary to the direftion of the Moon's gravity to- 
wards the Earth, it diminilhes the effeft thereof) and 

caufes 
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caufes the Moon to fall lels below the tangent of its 
orbit than it would if no fuch difturbing force 
cxiftcd. A like, and very nearly equal, cffeft fol- 
lows, when the Moon is at the oppofition d, by the 
Earth's gravitation towards the Sun being greater 
than that of the Moon : whence their mutual gra- 

£ vity is diminilhed as in the former cafe. Therefore, 
' at or near the conjunAion or oppofition, the Moon's 
gravity is diminilhed, and its orbit is rendered lels 
curve. 

r It is found, that the force added to the Moon's 
gravity at the quadratures, is to the gravity with 
which it would revolve about the earth in a circle 
at its prefent mean diftance, if the Sun had no effedt 
on its motion, as i to 1 90 ; and that the force fub- 
dufted from its gravity at the conjunftion or oppo- 

G fition is about double this quantity. The influence 
of the Sun, thep, on the whole, increafes the Moon^s 
diftance from the Earth, and augments its periodi- 
cal times and fince this influence is mod confi- 
derable when the Earth is neareft the Sun, or in 
its periheliurfi, its periodical time muft then be 
the greateft:, as appears likewife from obfervation 
(144, k). 

H To (hew the efFeft of the Sun in difturbing die 
Moon's motion at anyfituation between the. con- 
junftion and one of the quadratures, fuppofeafM 
(fig. 66) let Es reprefent the Earth's gravity to- 
wards the Sunj draw the line ms, which continue 
towards c j from m fet off m c, fo that m g ntay .be 
to E s as the fquare of the Earth's diftance e s is to 

the 
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^e (quare of the Moon's diftance m s ; and m q 
will reprefent the^ Moon's gravity towards the Sun. ^ 
From M draw mf parallel, and equal to es,; jojn 
F c, and draw m h parallel, and equal to f o. The 
force M o may be rcfolved into m f and m h ; of 
which M f, by reafon of its parallelifm and equality to 
E s, will not difturb the relative motions or fituations 
of the Moon and Earth ; m h then is the difturbing 
force. Draw the tangent m k to the Moon's orbit, 
and continue the radius e m towards i -, draw h i pa- 
rallel to KM, and interfering mi in i, and com- 
plete the parallelogram by drawing h k parallel to 
iM, and interfering mk in k. The force mh may 
be refolved into m i and m k ; of which m i aflfeffcs 
the gravity, and m k the velocity of the Moon. 
When the force mh coincides with the tangent; 
that is, when the Moon is 35^ 16' diftant from 
the quadrature, the force m i, which afFedls the gra- 
vity, vanifliesj and when the force mh coincides 
with the radius, that is, when the Moon is either 
in the conjunftion or quadrature, the force mic 
vaniihes. Between the quadrature and the diftance 
of 35^ 16* from it, the line or force mh falls within 
the tangent, and confequendy the force mi is 
direded towards ?,' and the Moon's gravity is in- 
creafed : but, at any greater diftance from the qua- 
drature, the line m h falls without the tangent,, and 
the force m 1 is directed from e, the Moon's gravity 
being diminiflied. It is evident that the force m k 
is always dircftcd to fome point in the lipe which 
paflcs through the centers of the Sun and Earth; 

therefore 
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rijcrcforc it will accelerate the Moon's inotK)n9 while 
it is approaching towards that line, or the conjunc- 
tion, and fimilarly retard it as it recedes from it, or 
approaches towards the quadrature, by' conlpiring 
with the motion in one cafe, and fubdufting from 
it in the other. 

As the Moon*s gravity towards the Sun at the 
conjunAion is diminifhed by a quantity which is as 
the difference of the fquares of their diftances ; • and 
as this difference, on account of the very great dit 
tance of the Sun, is nearly the fame when the Moon 
is at the oppofition, the mutual tendency to feparate, 
or diminution of gravity, will be very nearly the 
feme. Whence it eafily follows, that all the irre- 
gularities which have been explained as happening 
between the quadratures and cbnjunAion muft in 
Kkc circumftances take place between the quadra- 
tures Jind the oppofidon. 

If the Moon revolved about the Earth in a cir- 
cular orbit, the Sun's difturbing influence being 
fuppofed not to aft, then this influence being fiip- 
pofed to aft would convert the orbit into an ellipfis. 
For the increafe of gravity rehdcrs it more curve at 
the quadratures, by caufing the Moon to fall further 
below the tangent ; and the diminution of gravity, 
as well as the increafing velocity, renders the orbit 
lefs curve at the conjunftion and oppofition, by 
caufirig the Moon, to fall lefs below the tangent 
in a given time. Therefore an ellipfis would be 
defcribed, whofe lefs or more convex parts would 
be at the quadratures, and whofe longcfl diameter 

would 
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would pais through them. Confequently the Moon 
would be fertheft from the Earth at the quadra- 
tures> and ncarcft at the conjunftion and oppofition* ♦ 
Neither is it ftrang6 that the Moon fhouH approach 
or come nearer to the Earth at the time when its 
gravity is the leaft, fince that approach is not the 
immediate confequcnce of the decrcafe of gravity, 
but of the curvity of its orbit near the quadratures; 

and in like manner, its recefs from the Eatth at the 

• 

quadratures does not ariife immediately from its di- 
minifhed gravity, but from the velocity and direc- ' 
tion acquired at the copjundion or oppofition. 

But as the Moon's orbit is, independent (^ die iff 
Sun's adion, an ellipfis, thefe efFci^bs take place 
only as far as circiimftances permit. 

The Moon's gravity towards the Earth being k 
thus fubjeft to a continual change in its rario^ its 
orbit is of no conftant form. The law of its gra- 
. vity being nearly in the inverfe proportion of the 
fquares of -the diftances, its orbit is nearly a quies- 
cent ellipfis (206); but the deviations from this 
law occafions its apfidcs to move direft or retro- 
grade, accordirig as thofe deviations are in defeft . 
or excels (206, c). Aftronomers, to reducd the 
motion-of the apfides'to computation, fuppofe the 
revolving body to move in an ellipfis, whofe tranC- 
verfc "diameter or line of the apfides revolves at the 
fame time about the focus of the orbit. When the 
Moon is in the conjunftion or oppofidon, the Sum 
fubduds from its gravity (220, e), and that the 
more the greater its diftance is from the 'Earth, fo 

that 
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that its gravity follows a greater proportion than the 
inverted ratio of the Iqiiare of the diftance, and Con-- 

■ fcquently the apfidcs of its orbit muft then move 
in confequentia, or direft {206, d). In the qua- 
dratures the Sun adds to the Moon's gravity 
(a 1 9, g), and that the more the greater its diftance 
from the Earth, fo that its gravity follows a lefs 
proportion than the inverted ratio of the fquare of 
her diftance, and confequendy the apfides of its 
orbit muft then move in antecedentia, or retro- 

o grade (ao6, e). But becaufc the aftion of the 
Sun fubdufts more from the Moon's gravity in the 
conjundion and oppofition than it adds to it in the 
quadratures (220, f) the direft motion exceeds the 
retrograde, and at the end of each revolution the 
apfides are found to be advanced according to the 
order of the figns. 

p If the plane of the Moon's orbit coincided with 
that of the ecliptic, thefe would be the only irre- 
gularities arifing from the Sun's aflion; but be- 
caufe it is Inclined to the plane of' the ecliptic in an 
angle of about five degrees, the whole difturbing 
force does not a& upon the Moon's motion m its 
orbit, a fmall part of the force being employed to 
draw it out of the plane of the orbit into that of the 
ecliptic. 

O, Of the forces mk and mi, fig. 66, which difturb 
the Moon's motion, m i being always in the direc- 
tion of the radius, can have no e£Fe£t in drawing 
it out of the plane of its orbit. And if the force 
M K really coincided with the tangent, as we, neg- 

lefting 
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lc<5ting the finaif deviation arifing from the obli- 
quity of the Moon's orbit have hitherto fuppofcd, 
it is Evident that its only effeft would be that of 
acceleratitig or retarding the Moon's motion, with- 
out affe<5ting the plane of its orbit. But becaufe 
that force is always direfted to fome point in the 
line which pafles through the centers of the Sun and 
Earth (221, i) it is evident that it can coincide with 
the tangent only when that line is in the plane of the 
Moon's orbit; that is to fay, when the nodes are in 
the conjunftion and oppofition. At all other times 
the force m k muft decline to the northward or South- 
ward of the tangent, and compounding itfelf with 
the Moon's motion, will not only accelerate ot 
retard it, according to the circumftances before 
explained, , but will Ukcwife alter its direftion, 
deflcfting it towards that fide of the orbit on which 
the point, the force m k, tends to, is fitoated. This 
defliedtion caufes the Moon to arrive at .the ecliptic 
cither fooncr or luer than it would othefrwife -hare 
done; or, in other words, it occafions the ihter^ 
feftion of its orbit with the ecliptic to happen in a 
point of the ecliptic, either nearer to, , or furthfcf 
from^ the Moon, than that in which it would have 
happened if fuch defleftion Jia4 not taken place. 

To illuftrate this, let the elliptical projedlion r 
c o Q^N (fig. 67) reprefent a circle in the plane of 
the ecliptic, m o p n the Moon's orbit, intcrfcfting 
the ecliptic in the nodes n and o. Suppofc the Moon 
to be in the northern part of its orbit at m,' and 
moving towards the node o ; the difturbing force 

Vol. L Q^ m k. 
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M K^ which tends towards a point in the line s B to 
the fouthward of the tangent m t, will be com- 
pounded with the tangental force, and will caufe 
the Moon to defcribe the arc m m, to which m^r is 
tangent, inftcad of th^ arc m o ; whence the node o 
is faid to be moved' to m. In this manner the 
motion of the nodes may be explained for any other 
fituation. 
s This motion evidently depends on a twofold cir- 
cumftance, namely, the quantity and direftion of 
the/ force mk. If the force mk be increafed, its 
direftion remaning the fame, it will defleft the • 
curve of the Moon's path from its orbit in a greater 
degree j and on the other hand, if its diredlion be 
altered, fo as to approach nearer to a right angle 
with the tangent, it will caufe a greater dcfleftion, 
t diough its quantity remain the fame. When the 
Moon is in the quadratures, the force m k vaniflies, 
(aao, h) confequently the nodes are then fta- 
tionary. When the Moon is fit the odlanr, or 
forty-five degrees from the quadrature, the force 
M K is greateft of all, and therefore the, motion 
of the nodes is then moil confiderable, as far as it 
u depends on the quantity of m k. But the- direc- 
tion of this force in like circumftances depends on 
the fituation of the line of the nodes. If the line 
of the nodes coiacides with the line paffing through 
the centers of the ^un and Earth, the force m k ' 
« coincides with the -tangent of the Moon's orbit, 
and the nodes are ftationary. And the farther the 
node is removed from that line, the farther is that 

line 
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line removed from the plane of the Moon^s orbit; 
till the line of the nodes is in the quadratures^ 
at which time the line paffing through the centers of 
the Sun and Earthy makes an angle with the plane of 
the Mood's orbit equal to its whble inclination, of 
five degrees : confequently the angle formed between 
M K and the tangent in like circumdances is then 
greateft, mk being diredted to a point in a line 
which is further fronl the plane of the Moon's orbit 
than at any other time, and of courfe the motion 
of the nodes is then moft confiderablek 
. Tp.'determine the quantity and diredion of the v 
motion of the nodes, fuppofe the Moon in the quar- 
ter preceding the conjundtion, and the node towards 
which it is moving to be between it and the con- 
junftion: in this cafe its motiom is dircfted to a ' 
point in the ecliptic, which is lefs diftant than the 
point towards which the force m k b directed : the 
force MK then, compounding with the Moon's 
motion, caufes it to be dirpAed tp a point more 
'diftant than it would otherwife have been; that is 
to lay, the node, towards which the Moon moves, 
is^ moved towards the conjunction. When the 
Moon has paflcd the node, its courfe is direfted to 
the other node, which is a point in the ecliptic 
more diftant than the point to which m k is di- 
reded, and therefore mk, compounding with its 

I 

motion, caufes it to be direfted tO' a point lefs dif- 
tant than it would otherwife have been; foihat in 
this cafe likewife, the cnfuing node is moved to- 
wards the conjunftion. After the Moon has pafled 

0^2 " the 
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. the conjundion, the force mk tdW continues to 
dcfledt its courfe towards the ecliptic, andconfe- 
quent}y the modon of the node is the fame way 
till its arrival at the quadrature. Suppofe again^ 
the Moon to be at the conjundionj and the node 
towards which it is moving to be between it and 
the quadrature. '^ In this cafe the force m k com- 
pounding with the Moon's motion, caufes it ta 
move towards a point in the eclipdc lefs diftant 
than it would otherwife have done, fo that the en- 
fuing node is brought towards the conjunction*^ 
When the Moon has paiTed the node, the force 
MIC ftill condnuing to deEe£k its courfe towards 
the fame fide of its orbit, produces a contrary tSeSt, 
namely^ as it before occafioned it to converge to 

* the ecliptic, fo it now caufes it to diverge from it, 
and its modon in coniequence tends condnually to 
a point in the eclipdc ' more diftant than it would 
otherwife have done: the enfuing node in this in- 
fbmce being alio brought towards the conjundion* 

w ^ As the difturbing forces are very nearly the 
iame in "the half of the Moon's orbit, (222, k) 
which is fartheft from the Sun, this lad parag^raph 
is true, when it moves in that part of its orbit, if 
the word oppofition be every where infertcd inftead 
'f>{ the word conjunftion. 

X Whence it is eafy to deduce this general rule, that 
when the Moon is in the part of its orbit neareft the 
Sun, the node towards which it is moving is made 
to move towards the conjunction: and when it is 
in the pwt of its orbit fartheft from .the Sun>' the 
• . " . node 
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node towards which it is moving is made to move 
towards the oppofition, 

Suppofe the Moron at q^ (fig. 68) 8r the qua- y 
drature preceding the conjunftion, then the cnfuing 
node, if at 90^ diftance, or at the conjandion c^ will 
be ftationary {226, u), but if it be at a greater or lels 
diftance, it will be brought towards c (228> x). Thus, 
if the nodes be in the polition m n, the enluing 
node M, being at a lefs diftance from Q^than.90^, will 
move towards c, or direft, while the Moon moves 
through the arc q^m ; after which n becomes the 
er>iuing node, and likewife moves towards the con- 
junftion c, or retrograde during the Moon's mo- 
tion through the arc m r. And becauie the arc 
M R exceeds q^m, the retrograde motion exceeds the 
direft. Again, if the nodes be in the pofition n m, 
the enfuing node n being at a greater diftance froiti 
Q^ than 90^, will move towards c, or retrograde, 
during the Moon's motion through the arc Q^ni 
after which the node m becomes the cnfuing node, 
and likewife moves towards the conjundUon c, or 
direft, during the Moon's motion through -the arc 
HR. And becaufe the arc oja exceeds nr, the 
retrograde motion here . alfo exceeds the diredt.^ 
If the nodes be in the quadratures q^r, thp enfuing 
node R removes towards c, or retrograde, during 
the Moon's motion through the arc q^r, or almoft 
the whole femi-orbit. The lame may be fliewn in 
the other half of the orbit r o Q^with refped to the 
oppofition o; and therefore, in every revolution of 
the Moon, the retrograde motion of the nodes ex* 
- • / 0^3 ceeds 
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z cceds the dircdt; and, on the whole, the nodes arc 
carried round, contrary of the order of the figns. 

A The line of the conjunftioh is by the Earth's 
annual rhotion brought into every poflible fituatlon 
with refpeft to the node^ in the courfe of a year> 
independant of their own proper motion i which 
laft occafions the. change of fituation to be per- 
■ formed in about nineteen days lefe. 

B The inclinatioa 'of the Moon's orbit being the 
angle which its courfe mak^fis with the plane of the 
ecliptic, it is evident from what has been faid, that 
this angle is almoft continually changing. Sup- 
pofe the line of the nbdes, by its retrograde motion^ 
to leave the co»jun6lion c, fig, 69, and become in 
•the fecond and fourth quarters as in the polition 
M N, and the Moon to move from the node m to 
the node n i . then, becaufe the enfuing node n 
moves (228, x) towards the conjunftion c, while 
the Moon is in the nearer half of its orbit, 
fhe Moon's courfe muft be continually more and 
more infledted towards the ecliptic, till its ^irrival 
at R . This inflexion in the firft 99^, or m a from 
M, prevents its diverging fo much from the eclip- 
tic as it would otherwifc have done; that is to 
fay, it diminifhes the angle of the Moon's inclina- 
tion. From A to r its courfe •begins ^ to converge 
. towards the ecliptic, and this convergence is in- 
creafed by the infledion whrch in the preceding 
90^ prevented its divergence: in the arc a r then thp 
inclination is increafed During the Moon's motioi^ 
from R to N^ the node is moved towards the op« 

pofitio(\ 
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pofition o, and confequently the angle of its coyrfc 
to N is rendered lefs than it would have been if the 
node has not moved; or, in other words, the in- 
clination is diminiihed. And becaufe the arc ma 
added to the arc r n is greater than the arc a r, the 
inclination at the fubfequent node is le(s than at 
the precedent node ; and the fame may be Ihewn 
in the other half revolution nq^m. Therefore, c 
while the nodes are moving from the conjundHon 
and oppofition to the quadratures, the inclination 
of the Moon's orbit, on the whole, diminifties in 
every revolution till they arrive in the quadratures, 
at which time it is leaft of all. When the line of d 
the nodes has paiTed the quadratures, and is in the 
firfl and third quarters, as in the poiition mn, it 
is ealily fhewn by the fame kind of argument, that 
the inclination is increafed while the Moon pafles 
from m to q., then diminiflies for the remainder 
of the firft 90^ or Q^a, and is afterwards increafed for 
the other 90^ or an: and the lame may be proved, 
for the other half revolution n r m. Confequently, s 
while the nodes are moving from the quadratures 
to the conjunction and oppofition, the inchnation is 
increafed by the fame degrees as it before was di- ' 
miniihed, iiU they arrive at the conjun£tion and 
oppofition, at Nvhii^ time it returns to its firft jquan- 
tity, being then greateft of ajl. 

The line of the nodes in the courfc of one en- f 
tire revolution, with relpedt to the Sun, is twice 
in the quadratures and twice in the conjundtion and 
oppofition* Therefore, thq inclination of the 

QL4 Moon's 
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Moon*s orbit to the ecliptic is diminilhed and in- 
crcafcd by turns, twidc in every revolution of the 
nodes. 
5 All the irregularities of the Moon's motion arc 
a little greater ,when in the half of its orbit neareft 
the' Sun, than when it is in the other half; the^ 
chief reafon of which is, that the difference be- 
tween the fquares of the Mopn*s and Earth^s dif- 
tiances from the Sun is greater, in proportion to 
the Iquares themfelvcs, in the former than in the 
latter cafe at equal elongations from the quadra- 
ture, and confequently the difturbing forces muft 
be more confiderable. 
H Although the Moon in reality revolves about 
the common center of gravity between itfelf and 
the Earth, and not about the Earth itfelf, and con- 
fequently their motions and irregularities are fimi- 
)ar, and not confined to the Moon alone; yet it 
tnay be eafily conceived, that the conclufions are 
jiot affcftcd in any degree that may be here re- 
garded, when, for the fake of concifenefs, we fup- 
pofe one of the two bodies to be quiefcent, and 
the odjcr to revolve about it. 
J. Irregularities of the fame kind take place among 
^ the primary planets by their mutual anions on each 
other, but the. quantities are;« not confiderable. 
Htnce the apfides of the planets are found to move 
(224, o) in confequentia, but foVeryflowly, that 
fome have doubted whether they, move at alL 
K The motions of the aphelia of Saturn, Jupiter, Mars^ 
the Earthy V enus^ and Mercury, as deduced from the 

comparifon 
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comparifon of diftant obfenrations, are rcfpeftively, 

2° 30', i"* 43' 20^ i^ 51' 40^ i^ 49' lo^ 
4^ 10', 1^ 57' 40% in a century. The a&ions l 
of the inferior planets on each other are very mi- 
nute, on account of the ftnallnefs of their bulks 5 
but thofe of Jupiter and Saturn are not altogether ^ 
infenfible. When Jupiter is between the Sun and m. 
Saturn^ its whole attraction aAs upon Saturn^ and 
increafes the gravity of that planet towards the 
Sun. This is found> by comparing the refpeftive 
maffes of Jupiter and the Sun, and the relpe6Uve 
fquares of their diftances from Saturn to be equal - 
to TTT of the Sun's aftion upon ^aturn. Saturn, n 
on the other hand, at the conjunflion, adts upon 
Jupiter and the Sun in the fame direftion, and 
therefore difturbs their relative pofition only fo far 
as its anions on each are not equal. TJie difference 
^ of thefe adions is found by the fame principles to 
^ ttVt of Jupiter's whole gravity. 
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CHAP. IV. 

OF THE FIGURES OF THE PLANETS; THE PRE- 
' CESSION OF THE EQUINOXES, AND THE NUTA- 

TION OF THE EARTh's AXIS. 

I 

• » 

I A MASS of fluid -matter will, by its gravity, 
' form itfelf into a fpherc. For if the whole mafe 
be conceived to be divided into a number of fimi- 
lar pyramids or columns, terminating in the center 
of gravity, and one of thefe columns be longer 
or higher than the refl:, its projefting part will 
Ipread fideways over the other columns, till tht 
heights are all equal to its own. The fame is true 
of any other eminences or longer columns. There- 
fore, when all the fubfidences are eflTefted, and the 
mafs is at reft, its form will be that of a folid^ 
whofe furface is every where equidiftant from its 
center. And this is the property of a fpherc. 

This lakes place in a mafs- whofe parts pre-* 
fcrve the fame fituition with refpeft to its ceater; 
but if the fphere be caufcd to revolve on its own 
axis, a centrifugal force will be produced that will 
diminifli the graivity of all. its parts, except' thofe 
which are fituated in the axis of rotation. This 
diminution will be greateft in the equator, becaule 
the velocity is there greateft, and becaufe the cen- . 
trifugal force adts direftly againft the force of gra- 
vity. And the nearer any parallel of latitude op 
circle of rotation is to one of the poles, the lefa 

wiU 
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will the gravity of the parts be afFeded, both the 

above mentioned caufes being lefs. The equilU 

brium, before fubfifting between the columns in a 

fpherical figure, will confequently be deftroyed, 

and the fame efFeft muft take place; as would' have 

^ followed if the columns at the polar regions had 

been lengthened or augmented in mafs beyond thofc 

near the equatorial parts, that is to fay, the columns 

near the poles will fpread over thofe towards the 

equator, till the difference of their lengths com- 

penfates for the difference of their gravities. Thus q^ 

the fphere, by its rotation, will be changed into a 

Iblid, whole radii, drawn to the center, are longeft 

near the equator, and Ihorteft towards the poles, 

the axis being the Ihorteft of all its diameters. 

By computation grounded on thefe and. other R 
confiderations, it is Ihewn, that bodies at the equa- 
tor of the Earth lofe^ more than -^'\^ part of their 
gravity, and that the equatorial diameter is to the 
axis as 23 1 to (230, upon the fuppofition that the , 
Earth is every where of the fame uniform denfity. 
For what has been faid of a ^fluid mafs will hold 
good of the Earth, fince if it were not of this figure, 
bpt fpherical, the ocean would overflow the re- 
gions near the equator, and leave the polar regions 
elevated mdny miles above the level of the fea. 
But experience fliews, that the land Is in general 
no more elevated above the- fea in one part of the 
globe than another. 

This decreafe of gravity towards the equator t 
is remarkably feen in the motion of pendulums/ 

For 
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For a pendulum, which in a higher latitude vi- 
brates fcconds, is found to go flower at the equa- 
tor, and that in a much greater proportion than 
can arife from the lengthening of the rod by heat, 
nay, even in the coldeft parts of the mountains of 
Spanilh America, which are conftantly covered 

u with fnow. From the juft mentioned quantity of 
dimiiHition of gravity, it is not difficult to com- 
pute the length of a pendulum (87, v) which fliall 
vibrate feconds un a given ladtude, and from the 
agreement of thefe computations with experience, 
the oblate fpheroidal figure of the Earth, as alfo 
the diurnal rotation from which it originates, are 
both confirmed. 

V The fame confclufion has likewife been obtained 
from the labours of many ingenious and learffcd 
men, who have adhially meafured the lengths of 
certain portions of the meridian in different lati- 
tudes, by which it appears, that the degrees ^re 
(horter towards the equator than nearer the poles. 
Whence it follows, that the meridian is more curved 
near the equator, and ifcfe near the poles, of in 
other words, that the Earth is flattened about the 
polar regions. 

w The meafure of a degree of the meridian, be-, 
ginning at the -equator, was found to be 56750 
French toifcs, and the meafure of a degree of the 
nteridian cutting the arftic circle, was found to be 
57422 French toifcs *. 

* See Deia Lande's A^Fonomie^ § 2655, & feq. for a de- 
tail of the prbicipal enterprifes on this interefting fubjefl. 

Thefc 
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Thcfc mcnfurations conftitutc the ex;perimental x 
proof of the Earth's rotation on its axis; for ic 
is evident^ that a centrifugal force cannot be pro- 
duced bfut by an abfolute motion : and as the effe6b 
of this force are obferved in the figure of the Earth, 
and not at all in the heavens^ the motion of the 
Barth muil be abfqlute^ and real, and that of the 
heavens only relative and apparent. 

The planet Jupiter revolves on» its* axis in I5& y 
than ten hours j a rapidity whi^h much exceeds 
that of the Earth; and its figure differs accord- 
ingly much more from that of a iphere, it^ equa- 
torial diameter exceeding its polar diameter, ac^ 
cording (o the obfervadons of aftronomers, -a^ i j 
to 14 (ia6). 

It has alfo been already noticed, that a limilar z 
phenomenon is feen in the planet Mars (126)^ 

If a number of fluid bodies revcdved about the a 
Earth at equal diftances from its center, they 
would, by the adlion of the Sun, or any odier 
planet, be fubjed: to irregularities of the fame 
kind as the Moon has^ been Ihewn to have in its 
motion ; that is, they would approach nearer, and 
move fwifter at the conjunftion and oppofitbn than 
at the quadratures (221, !• 222,. l). And if the b 
number of bodies were fb great as to become con- 
tiguous, and form a fluid ring or circle, the parts 
of •this ring would be affefted in the fame manner. 
If it were inclined to the ecliptic, the nodes would 
be ftationary when in the conjunftion or oppofi- 
tion (226, u) and be carried in a retrograde direc- 
tion 
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tion in the other revolutions. (229, 2), but moft 
fwiftly when they were ficuated in the quadrature! 
( 2 2 6, u ). Its inclination would like wife vary in every 
revolution (230, b)> and in a fpace of time fome- 
what lefs than a periodical year would be diminiftied 

-and increafed, by turns, twice (230, a. 231, f). 

Suppofe this fluid ring to be of the fame dia- 
meter as the Earth, to be placed in a cavity hol- 
lowed round the Earth at the equator, aqd to re- 
volve in the fame time and direftion as the Earth 

' does on its ixis. Its motion would not then be 

' uniform (237, b), but at the conjunftion and op- 
pofition fwifter than the furface of the Earth, 
and flower at the quadratures ; confequently, with 
refpeft to the furface of the Earth, it would ebb 
and flow like a iea. For, by j-eafon of the increafed 
fwiftnefs at the conjundion and oppofition, and 
the retardation at the quadratures, the fluid, be- 
tween the conjun£tion or oppofition and the en- 

, filing quadrature, would form a cumulus or heap, 
while a correfpondent defeft would happen in the 
other quadrants preceding the conjunftion and op- 
pofition. 

) If this ring be now fuppofed to be fi-ozen or' con- 
verted into a folid, the flux and rcBux will ccafe, 
but the preceffion of the nodes and the libratory 
increafe and decreafe of the inclination will re- 
main (237, b), Suppofe the ring to ajihere to the 
furface of the Earth at the equator, inftead of be- 
ing admitted into a cavity i it will then commu- 
nicate part of its motion to the Earth, the nodes of 

whofc I 



earth's oblate figure. 229 

'whofc equator will recede, but with a xnudi flower 
motion than thofc of the ring would have receded, 
if it had not adhered to the Earth ; and the obli- 
quity or anglp which the equator makes with the 
ecliptic, will be diminiftied and increafed alternate- 
ly twice in a year. 

The elevation of the; equatorial parts of the e 
Earth have the feme efFe6l as fuch a ring would 
have ; for the expefs of matter in thofe legions 
fupplies its place* 

Aftronomers begin the year in the Spf ing, when r 
the Sun is in that node of the equator, or equinoc- 
tial point at which the days begin to lengthen in 
the northern hemilphere. Now it is plain (187), that 
if the equinoctial points had no motbn, the 
Earth would complete one revolution in its orbit 
in the fame time that the Sun employs in appa^^ 
rently pafling from one of the equinoxes, and re- 
turning again to the feme. But, becaule of the 
retrograde motion, the line of the nodes of the 
equator, or diameter of the Earth which joins the 
equinoctial . points, is brought to coincide again ' 
with the line which joins the centers of the Sun 
and Earth, before' its periodical revolution is com-* 
pletcdi and therefoi-e the circle of the fcafons is 
performed in lefs time than the Eafth's revolution 
in its orbit. The aftions both of the Sun and g 
Moon on the redundant matter in the equatorial 
regions tend to produce this motion, which is 
• {o flow, that a complete revolution will not be 
finilhed ia lefs than twenty- five thoufand years. 

This 
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H ^his is called tlie prcccflion of the equinoxes, and 
is the reafon that the fixed ftars appear to advance 
in longitude about 50 fcconds of meafure in a 
year; whence it has happened, thatfince the time 
of Ptolemy, the zodiacal figures have advanced 
the greatefl: part of a whole fign : the conftellation 
• Aries being fituate in that part of the ecliptic 
' which is denominated from Taurus, Taurus in the 
1 place of Gemini, &:c. The diflFcrence between the 
natural year or period of th& feafons, and the pe- 
riodical year, or time of the Earth's . revolution in 
its orbit, is 26" 34i*i for the natural year confifts 
of 365* S^ 48' 45t^, and the periodical year of 
365^*6^ 15' 20^ 
K The fideral year, or rime employed by the Sun 
in returning to the fame apparent pofition with re- 
fjped: to a fixed ftar, is 365** 6^ 9' i ^''^. The diflFcrence 
between the periodical and fideral year is occa- 
fioned by the motion of the apfis of the Earth's 
orbit (216, k). 
L The libratory variation of the inclination of the 
equator to the ecliptic is termed the nutation of 
the Earth's axis. The theory of attraftion had 
afcertained its exiftence, long before aftronomicaL 
obfervations were brought to a fufficicnt degree of 
perfedion to render it fcnfible. Its whole efFcft 
icarcely amounts to 1 8 feconds. It was firfi: ob- 
lerved by Dr. Bradley *. 



• Phil. Tranf. January* 1748, 
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CHAP. V. 



OF THE TIDES* 



Though the caufe of the tides may ht col- M 
iefted from what was (aid in the laft chapter j yet* 
as it is the only obvioiis inftance we have of the 
mutual gravitation of the celeftial bodies, it will 
be proper to jgive a more particular explanation 
of it. 

If the Earth were every where covered with a it 
deep fea, it is plain, from the reafbns before re* 
cited (238> c), that the water would not, in the 
diurnd rotation, move with the fame uniform ve- 
locity as the Earth. For, if the apparent diurnal •* 
revolution of the Moon be called a lunar day, and 
bt divided into twenty-four equal parts or hours, 
the water fitliated near the meridian over which the 
Moon at any time is, will move fwifterj and the 
water fituated neir the meridian fix hours to the 
"caftward or weft ward, will move flower: becaufc ^ 
the water on eich parallel, of latitude may be 
conceived to be a fluid ring, and will be affefted 
by the difturbing force nedrly in proportion to' 
its diameter. The fea, then, being accelerated 
at the meridian uport which the Moon is, and 
retarded at the meridian, that is ^o^ or 6 hours 

to the eaftwardj will be accumulated between the 

* 

two places; its greatcil height being at the half 
Vol. !♦ R diftancc. 
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diftance, ot meridian which the Moon has paf!ed 
three hours. And on the other hand, the retarda- 
tion at the quadrature to the weftWard, preventing 
the water from flowing as fail as the acceleration^ 
at the meridian at which the Moon is, carries it 
away, the fea muft of courfe be depreffed between 
the two places, its greatcfl: deprcffion being at the 
half diftance, t)r meridian at which the Moon will 
arrive in three hours* A fimilar accumulation and 
diminution will happen at the places which arc 
diametrically oppofite to thofe here deicribed> 

o though not altogether fo great (2^32, g). The 
difturbing force of the Sun will aft in a like man* 
ner, but lefs ftrongly; for, though the Moon's at- 
traftiveYorce be vaflly lefs than that of the Sun, 
yet, becaufe its diftance in comparifon to that of 
the Sun from the Earth is very fmall, the forces 
with which it a<5ls on different parts of the Earth 
will vary more confidcrably from parallelifm and 
equality ; and the irregularities in any fyftcm, which 
arife from the aftions of forces from without, are 
occafioned (79, w), not by the whole adions of 
the forces> but only by their differences in quantity, 
or want of parallelifm in dlreftion. 

p Thus, it is evident, that thefea, as far as cir- 
cumftances allow, muft in every place be raifed 
to its greateft and leaft height, alternately twice in 
each lunar day. Bein^ elevated once at three lunar 
hours after the Moon has pafied the meridian of 

. the place, ancj once at twelve hours after, or -three 
Kours after the Moon has pafied the oppofite part 

^ of 
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of the faiftc. meridian J and at fix hours after each 
of thefc elevations its greaterf depreffions, follow. 
This appears by the tides in the Adantic ocean on o 
the weftern coafts of Europe and Africa, and in the 
Pacific ocean on the open coafts of Afia and Ame- 
rica, where high -water always happens about the 
third hour after the Moon has pafled th^ meridian,' 
except where the motion of the fea is fomewhat 
impeded by flats or fhoals. 

The efFefts of the difturbing forces of the Sun a 
and Moon are not feen diftinftly, but compound- 
ing with each other produce a motion which is dif- 
fercnt from what would have arifen from the fingle 
aftion of either luminary. At the rime of the conjunc- $ 
tion or oppofition their eflFeds are united, and the 
tides are greateft, ' being what are called Spring- 
tides. When the Moon is in the quadrature, the t 
Sun's aftion raifes the water where the aftion of 
the Moon deprefTes it, and depreflcs it where the 
aftion of the Moon raifes it : from the difFerence 
of their adions therefore arifes the leaft, or, as they 
are called. Neap-tides. And, becaufe the adtion u 
of the Moon exceeds that of the Sun, high-water 
follows neareft the third lunar hour. At other times v 
high-water arifing from the lunar force would hap- 
pen on the third lunar hour, and that which arifes 
from the Sun's force on the third folar hour; but 
the forces being compounded, produce a tide which 
happens at fome intermedisite time, though always, 
on account o^the greater force, neareft to the third 
lunar hour. Confcqucntly, when the third fokr w 

R 2 hour 
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hour precedes the third lunar houry as is ihe CSiCt 
while tht Moon is in the firfl: and third quarters^ 
high-water happens fooner than the third lunaf 
hour, and the contrary happens when the third 
lunar hour preceded the third folar hour, as in the 
X fecond and fourth quarters. It is to be noted, that 
no diftinAion is here made between the hour of the 
Sun or Moon's paOing the meridian above the 
horizon, or beneath it j the effeft being nearly the 
fame with refpeft to the tides. 
Y The effcfts of the difturbing forces of the Sun 
and Moon depend likewife upon their refpeftive 
diftances from the Earth. For thefe efte<5te arc 
z greater at lefe diftances. And therefore in winter, 
when the Earth is in its perihelium, the Sun being 
nearer, caufes the fpring-tides to be fomewhat 
greater and the neap-tides fomewhat lefs, than in 
, A the futlimerj and the Moon being each month in 
its perigeum, does then, in like circumftances, 
B caufe greater tides than at other times; whence 
it happens, that if a great Ipring-tide happens 
when the Moon is in its perigeum, ' the next fpring- 
tide will be lefs, becaufe the Moon will be then 
in its ?ipogeum, or greateft difl:ance. 
c The tides vary likewife in confequencc of the 
D varying declinations of the Sun and Moon. For 
if cither of thefe luminaries were iuppofcd to be 
at the pole, it would neither accelerate' nor retard 
the diurnal rotation of the water, but would oc- 
caQon a conftant elevation at the poles, by di-* 
minifhing the efFedt of gravity there, and a con- 
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flant deprefllon at the equator, from an oppofitc 
:Caufe (2^9, c. 220, e). Therefore, no alternate 
rife and fall of the water, or tide, would be produced, 
Confequently, as the Sun and Moon decline to- £ 
wards the pole, they gradually lole. their efFefts, 
and the tides become lei's cbnfiderable^ When the f 
Sun is in the equator, and the Moon at the tropic, 
or its greateft declination, the tides are lefs than 
when the Moon is at the equator, and the Sun in 
the tropic: becaufe in the firft cafe the Sun's in- 
fluence is the greateft pglTible, and the Moon's 
leafti and in the latter the Moon's influence is the 
greateft poflible, and the Sun's leaft: and as the 
tides depend mor^ upon the Moon's influence than 
that of the. Sun, they are greateft when its aftion 
is greateft,. When the Sun and Moon are both q 
in the equator, the Ipring-tides are the greateft of 
any. However, becaufe the Earth is nearer the n 
Sun in winter than in fummer, the greateft au- 
tumnal Ipring-tides are generally later than the 
equinox i and the greateft vernal fpring- tides are 

« 

generally before the equinox. 

When the Moon declines either to the north- i 
ward or fouthward of the equator, one of the great- 
eft clevvations of the water follows the Moon, and 
defcribes nearly the fame parallel of latitude as 
the Moon, by the diurnal motion; app^ently de- 
fcribes; and the. other greateft elevation being 
diametrically oppofite, muft, of courfe, defcribe a 
parallel of latitude at an , equal diftance on the 
other fide of the equator. The greateft elevation, 

R J which J 



246 OF THE TIDES* 

which moves on ^hc fame fide of the fequator with 
a given place, will come nearer to it than the op- 
K pofite elevation i and therefore when the Mooii 
declines towards the fame fid^ of the equator, as 
that on which the given place is fituatedi the day- 
tides, or tides which happen while the Moon i$ 
above the horizon, will be greatcft, and the night- 
tides, or thofe which happen while the MoQn is 
beneath the horizon, will be leaft. And the con- 
trary happens when the Moon declines to the other 
h fide of the equator. Thus, the elevation at high- 
water is alternately greater apd lefs; apd the difFe-j 
rence is greateft when the Sun and Moon both' 
(dcfcribe the fame tropic, becaufe the oppofite ele- 
vations then dcfcribe the tropics, which are the 
•far theft from each other of any two parallel circle? 
they can poffibly defcribe. This difierence is 
found to be about a foot at Plymouth, and ftfteeri 
inches at BriftoL 
M If the aflions of the Sun and Moon were to 
ceafe at once, the tides would not immediately ceafe^ 
but would continue for fome time by the undu-* 
lating motion of the water. This undulation would 
be greater, if the aftions were to ceafe at the time 
K of a great tide than at the time of arlefs; and there- 
fore lefs tides, which fucceed greater, are more in- 
creafcd by it than greater tides which fucceed lefs: 
confequently the difference between the tides is ren- 
dered lefs than if would otherwifc have been, and 
the greateft fpring and neap-tides do not happen 
precifely at the conjunftion or oppofition, and qua- 
dratures, but two or three tides later. 

7 If 
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If the grcateft acceleration and retardation of the o- 
dlurnal motion (241, n) cannot fubfift in the fame 
fea at the fame time, the accumulation or defeft 
inuft confequently be lefs 5 that is to fay, if one of 
the fhores or coafts of 'any fea be kfs than ninety 
degrees to the eaftward or weftward of the other, 
and the eaftern coaft, for inftance, be immediately 
under the Moon, the acceleration will, bycaufing 
the water to rife, occafion a dcfeft or fall to the 
weftward, becaufe the wcftern parts, being retarded^ 
do not follow with a velocity fulBcient to fupply 
what is carried to the eaftward by the acceleration : 
and the greater this retardation the greater the defcft 
or falli But fince by the fuppofidon the weftern Ihorc 
is not 90 degrees diftant, the retardation is not there 
fo great as it would have been had the fea been wider; 
and therefore the fall in that fea is not fo great. 
By a like argument it appears, that when the Moon 
is at the meridian of the weftern coaft the elevation 
is lefs, if the fea be lefs than ninety degrees from eaft 
to weft. Hence in fmall inland feas the tides are P 
inconfiderable ; and for this caufe, in the Atlantic 
ocean the tides do not rife fo high between the tro- 
pics as they do farther to the north or fouth, the fea 
being narrower between America and Africa in the 
lower than in the higher latitudes. From hence t^ 
alfo follows the reafon why the tides are fo fm^U as 
they are found to be at the iflands of St. Helena and 
Afcenfion, which lie in the middle of that fea -, for, 
fmce the water cannot rife on the fbore but^ by 
falling at the ^ other, it muft continue at a meai> 
height at thcfe intermediate diftant iflands, 
^ R4 ThU 
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& This theory of the tides is perfcftly cpnfentane- 
ous to experience in, the open' and deep oceans ji 
and in the leflcr feas, as has been obfervcd, the tidesi 
are very fmall. But, when thofe lefs feas have 

, . a free communication with the ocean, the tide flows 
into them in a kind of wave, which on its arrival at 

s any place caufes high-water. Thus it is high^ 
water in the ocean to the weftward of England and 
Ireland at the third lunar hour ; after which it be-r 
gins to fubfide. This fubfidence muft, of courfe, 
raife the water round about, whence a flood begins 
to enter the Englifli channel at^ about the fixth hour, 
its courfe being retarded by the (hallownefs of the 
water. Another flood enters the German fea to the 
northward, near the Orkney iflands, and proceeds 
to the fouthward. As thcfe floods proceed op their 
^ refpeftive courfes, it is high-water faccegively at; 
every place on the eQafl:s at which jchey arrive, and 
when the wave has paflfed any place the water be-? 

T gins there to fubfide. For examples it is high- 
water at Plymouth about the fixth hour, at the Ifle 
of Wight about the ninth hour, and at London- 
bridge about the fifteenth hour after the Mo.on has 
paflTcd the meridian, and caufed the tide in quefl:ion. 
Therefore, when it is high-water at Plymouth the 
water out at fea has half fubfidedj when it is 
high^ water at the Ifle of Wight it is low water out 
at fea j and when it is high-water at London-bridge 
it is low water at the Ifle of Wight, and a fecond 
flood or elevation has already come to its height ouc 
at fea. 

There 
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There are fituatibns where the tide may be car- u 
ried to the farpe port by different paflages or chan- 
-jicls, and may pafs quicker through one paflage 
^an another: in which cafe, the fame tide, arriv- ' 
ing ^t different times through the different paflages, 
siuft occafion a variety of phenomena^; Suppofc v 
two equal tides to arrive at the fame port from dif- 
ferent places ; the one at the third, and the other at 
the ninth hour after the Moon has pafled the meri- 
dian ; the firft tide therefore preceding the latter by 
fix hours ; and luppofe the Moon to be at the equa- 
torj then, every fix hours a tide will arrive, which, 
flowing in at the fame tioie as the preceding equal 
tide ebbs out, will caufe the water to continue at 
the fame height> and thus^ it will neither rife nor fall 
during the whole day. But if the Moon decline 
from the equator, the tides in the ocean will be 
alternately greater and lefs, as has been obferved; 
and therefore there will arrive at this port, alter- 
pately, two greater floods proceeding from the 
greater tide in the ocean, and two lefs floods pro- 
ceeding from the lefler tide in the ocean. At the 
mean or intermediate time ^)etween the arrivals of 
the two greater tides, the water will then be higheft; 
between a greater and a lefs tide it will be at a 
mean height; and loweft of all at the middle time 
between the arrivals of the two lefs tides. By thefe 
xneans, in the fpace of twenty-four hours, the fea 
Tvill rife to its greAeft, and fall to its leafl: height 
l)ut once, inftead of twice, as in general it does in 
other places i and if the Moon decline towards the 

fame 
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£unt fide of the equator> as that on wluch the port 
is fituated^ the two greater tides will arrive at die 
diird and ninth hours> and the greateft elevation 
will be at the fixdi hour, or at about the letting, 
of the Moon: the leaft devadon will confe*- 
quendy "happen between the two leaft tides, at die 
cighteendi hour, or about the rifing of the Moon. 
And the fame efFe£b will take place when the 
Moon declines to the contrary fide of the equator; 
but with this diflference, that whereas Ugh and low 
water happened then relpeftively at the fetdng and 
rifing of the Moon, they will in the prefent cafe 
happen refpeftively at the rifing and fetting of the 
Moon, 
w A remarkable inftance of all thefe parriculaw is 
adduced by Dr. Hallcy, in the port of Batfiia, in 
the kingdom of Tonquin, which lies in 20^ 50' 
north latitude. There, on the day on which the 
Moon pafles the equator, the water ftagnates; after- 
wards, on the Moon*i5 declining to the northward, 
it begins to ebb and flow; not twice in the day, as 
in other ports, \i\Jt once only; and high-warer 
happens at the fetting, and low- water at the rifing 
of the Moon. The tides incfeafe widi the Moon's 
declination for fcven or eight days; after which,, for 
the next feven days, they decreafc by the lame gra-» 
dation as they before increafcd, till the Moon's 
arrival again at t}ie equator, when they ceafe, and 
upon its changing its declinatio^ are reverfed. For 
while its declination becomes foutherly, low-water 
happens at the fetdng, and h'^h-w^^r ^t the rifing 

Qf 
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of the Moon; which continues till its declination 
agaiii changes. Now it appears, that the tide muft 
come to this port by two inlets or paffages; one be- 
tween the continent of Chiqa and the ifland Luco-> 
nia^ communicating with the Chinefe ocean, and the 
other between^ the ifland of Borneo and the conu« 
nent. But whether the tide arriving from the Indian 
ocean> after a cburfe of twelve hours, and from the 
Chinefe oc(;an after a courfe of fix, and thence hap« 
pening on the third and ninth lunar hours, be the 
caufe of thefe appeataftcesj or whether fome other 
circumllances may not be concerned in producing 
the effeffc, muft be determined by obfervations «i 
phe peighbourb^ qoafts. 
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Of Light. 






CHAP. I. 

CONCERNINC THE MOTION OP LIGHT^ . 

Im the former part of this Trcatifc our attention x 
has been employed in confidering fuch cfFcdb as 
artfc from the motions and mutual aftionis of bodies, 
of magnitude luiEcient to become the objeds of 
our fenfes. - It may be eafily fcen, that phenomena 
of this kind are but few compared with die very 
great number of operations which arifc from the 
aftions 6f bodies too minute to be determined but 
by dedudions or inferences made from their efFedts* 
We have contemplated the great outline of the uni- 
verfe, and its vaftnefs cannot but excite the aftonifli- 
ment of creatures who are deftincd at prefent to 
occupy an exceedingly fmali part of it. As we pro- 
ceed to examine that fmall part, we fhall develope a 
fccne of another kind, tvhich, though expanded 
throiigh "a lefs portion of lpace> is equally immenfe 
and unfimited with regard to the field it affords for 
admiration and perpetual difcovery. 

The fuccefe of every enquiry depends in no fmall y 
degree on the ord?r ^nployed in the fcveral rcr 
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learches to be made. It is obvious^ that the pfd* 
bability of error is greater the more complicated the 
fiibjeft 5 whence the neccflity of firft examining the 
ntofl fimplcj and tfience proceeding td more com-^ 
pounded objefbsy is evident. This principle leads 
us^ in our confideration of the particular properties 
of various bodies^ to attend firft to thofe of light. 

z It is generally agreed^ that; light confifts of fmali 

' "" bodies or particlesj prqeclcd lyith great velocity in 
all dire&ionsy from the luminous or radiant body. 
No folid objedions have been made to this hypo- 
thefis> which appears to be more limpk than any 
other, and is perfeftly confiftent with all the phe-* 
nomena yet obierved; and thefe are fo many and 
{o various as to leave very litde doubt of its truth. 

A The velocity of light was firft determined by 
MonC Romer, from obfervations on Jupiter's 
Moons (i40> w) and the meafure deduced from 
his obfervations was afterwards confirmed and efbi^ 
blifhed by the difcovery of the aberration of the 
fixed ftars. The principles on which this difco- 
very is founded may be familiarly explained as fol^ 
lows*. 

B Suppofe a tube to be ereded perpendicular to 
the horizon, at a time when it rains, the drops 
&Hing perpendicularly down, and flippoie tha 
diameter of the tube to be fuch as to admit but 
one drop at a dme: then it is plain, that if a 

* The original account of this difcovfiry may be feen in a 
paper by its inventor Dr. Bradley, inferted in the Philofo- 
phLcal TranfadUons for thejrear 1728, No. 406. 

. ' drop 
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drop of water enter the orifice of the tube it will 
fidl to the bottom without touching its fides. But 

. if die tube, without altering its perpendicularit/i^ 
be moved along in the dire<5ti3h of the • horizon, 
any drop that enters wijl ftrike againft one of its . » 

(ides, and none will pa(s clear through while the mo« 
tion continues, unlefs the upper end of the tube be . 
alfo inclined towards the part to which its modon 
is diredled. 

Thus, if A B- (fig. 70) reprcfent the horizon, c d c 
the perpendicular tube, and g d the courfe of a drop 
•of rain: then, if c d be moved towards a, while 
the drop is falling within the tube, it is evident that 
the Inner furface of the tube, which is fituatcd to- 

' wards b, will be carried againft the drop, and pre- 
vent its arriving at the bottom without touching. 
But if the inclinfed tube e c be moved with a fimi- 
lar motion to that of the- drop from e to d, in the 
time that the drop moves from c to d, the lo\^cr 
orifice of the tube and the drop will be found at d 
at the fame inftant; and the velocity of the drop 
will be expreflcd by c d, and that of the tube by 

The fame reafoning holds good, if inftead of d \uJ 

drops of rain we fuppofe particles of light, and a x 
^ telefcope inftead of a tube. . For to an obferver, 
who through the tube c d views the vaftly diftant 
objedt G, if the motion of light be inftantaneous, 
or infinitely fwift, no finite motion of c d, its pofi- 
tion being unaltered, can prevent its being vifible ; 
fince, by the fupppfition, the /light which enters at 

c will 
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t will arrive at d before c d can have moved at all, 
Biit if light be propagated in tithe, and the obfervef 
be carried by a mopon fimilar, as to ^cceferatidn, 
to that of light, the tube iiiuft be inclined to the 
ray in an angle, whofe fine is l^o the fine of c e d, 
or the angle the tube makes with the line of the 

* oBferver's motion, as the velocity of the obfcrvei' 
IS to the velocity of light. For in the triangle d. c e, 
the fides d e and d c, which exprefs thefe veloci- 
ties, are as the fines of their tippcrfite angles. Hence 
if the angle (/ the inclination 6f the tube to the ray 
of light> together with the velocity add diredlion of 
the obferver^s motion be knowjn, the velocity of 
Eght may be determined. 

B By this theory, which is eftablilhed by a 'great 
ilumber of obfcrvations on ftars of different rriag- 
nitudes and fituations, it appears, that ttie fmall 
apparent motion the fixed ftars have about theif 
real places, which is called their Aberration, 
ariles from the proportion which the velocity of 
the Earth's motion in her orbit bears to that of 

F light. This proportion is found to be as 10216 
to I : from whence it follows, that light moves or 
is propagated as far as from the Sun to the Eardi 

G in 8' la'.. And it likewife appears, that the velo- 
city of light is uniform, and the fame, whether 
original, as fi-om the ftars, dr reflefted, as firom thp 
latellites of Jupiter (140, w). 

H The velocity of light being known, an cfti- 
mate might be made of the magnitude of its par- 
ticles, if we were In poffeffion of good obfcrva- 
tions 
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tions^ of the cffedts of their momentum. For 
example, it is found, that a ball from a cannon 
at its firfl: diicharge flies with a velocity of ^bout a 
mile in * eight fecondsy and would therefore arrive 
at the Sun in thirty-two years, fuppofing it to move 
with unremitted velocity. And light, as was before 
obferved, moves through that ijpace in about eight 
minutes, which is two million .times as fad* But 
the force with which bodies move are as their mafles 
multiplied by their velocities (19, l); and confe-* k 
quently if the particles of light were equal in mafs to 
the two millionth part of a grain of (and, we fhould 
be no more able to endure their impulie than that 
of fand Ihot point blank from the mouth of a can- 
non. 

From fcveral e3q>€riments f that well defervc t 
to be repeated, in which the Sun's rays were 
thrown, much condenfcd, upon a very light lever, 
fufpended fo as to be removeabk horizontally, it feems 
probable that the momentum of light may be great 
enough to be rendered fcnfible by the velocity it 
communicates to bodies by its impulfe. 

The rarity of light is not lefs a matter of wonder M 
at the firft confideration, than its velocity and the 
minutenefs of its particles. For its rays crofs each 
other in all diredions without the leaft apparent 
difturbance. We can eafily fee through a fmall* 



• This varies accoiding to the charge of powder and other 
wcamftances. 

t By Mr. MichelL See Prieftley*s Optics, p. 387. 
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holjC, not exceeding the -r4^ part' of an inch, die 
objc6ts, as the Iky, trees, houfes, &c. which occupy 
almoft an entire hemifphere* The light proceed- 
ing from all thefe objcfts muft therefore pafs at the 
fame time through the liok in a very great variety 

' of dircftions before they arrive at the eye ; yet ic 
does not appear that vifion is in the leaft difturbed 
by that means. 

K This is, however, explained without difficuky 
from a well known circumttance relative to the 
organs of vifion. For the Jlftion of light produces 
an efFedl on the eye that is not inftantaneousj but 
lafts a^confideraWe time. Suppofe the eflfeft of 
light on the eye to continue without fenfible dimi- 
nution, after the light has ceafcd to aft, for the .j4-o' 
part of a fecond, and it will follow that a ftic^ 
• ccflion of particles of light arriving at the ey^, by 
equal intervals, to the number of three hundred in 
a fecond, will be fufEcient to excite a conftant 
and uniform fenfation of the prcfcnce of light. 
And fince the velocity of light is fuch that it paflcs 

, through abouf one hundred and fcventy thoufand 
geographical miles in a fecond (14O, w)j this 
fpace divi3ed by 300, will give nearly 570 miles 
for the diftarice between each of the above-men- 
tioried fucceflive pardcles'. It is not therefore vd 
*be Wondered, that the particles of light do not 
interrupt each other, when we attend to their ex- 
treme r^inutcnefs (157, k) and the very great 
diftance at which they may follow each other with- 
out preventing the conftancy of their cfFcft. 

That 



-- / 



OF IrtCHT ON TfTE JBYB« 2^9 

That the cBcGt of light on the eye r^ains for a o 
time is evinced from feveral obfcrvations. We 
are continually (hutting our tytSj or winking, and 
ihould on thofe occaiions lofe fight of all the fur- 
rounding objefts, if the effefl: of their light did 
^ot continue during the time the eye is ftiut. 
Agaio> if a ftick^ or any other objedl, ^e whirled 
round in a circle, there is- a certain velocity beyond 
which: the objeft will fill the whole circle. This 
expbrinient is vulgarly made with a lighted fire- 
brand, and obvioufly (hews that the impreffion^ 
made on the eye by the light of the firebrand, 
when in any given point of the circle, is fuffici- 
cntly lafting to remain till the firebrand has dc*' 
fcribed the whole drcle, and again renews its efFeft, 
which is by that -means tendered continual and 
umfdrm. . Every one muft have been fcnfible of 
the 'l^rong and lafting imprefiion the. Sun's di- 
reS light makes upon the eye; and impreffions of 
the fame kind from other objeds, though weaker, 
are much lefs fb than is generally imagined. 

With relpeft to the duration of the impreffions p 
of light, it has been obfervcd, that the teeth of a 
cog-wheel in a clock* were ilill vifible in fuc- 
ceffion when the velocity of rotation brought 246 ^ 
teeth through a given fixed point in a fecond. In 
this cafe it is clear, that if the impreffion made on 
die eye by the light reflefted from any toothy had . 
lafted without fe-nfible diminution for the 246th 
part of a fecond, the teeth would have formed one 

• Watfon on Time. 

S 2 unbroken 
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unbroken line, becaufe a new tooth would have 
continually arrived in the place of the anterior one 
before its image could have difappeared. If a live 
coal be whirled round, it is, obferved *, that the 
luminous circle is complete when the rotation is 

' performed in ^ of a fecond. In this inftance wc 
fee that ^the impreffion was much more durable 
than the former. Laftly, if an obfervei* fitting in 
a room direft his fight through a window, to any 
particular objedb out of doors, for about talf a 
tninute, and then (hut hi^ eyes, and cover thetn 
with his hands, he will ftill continue to fee . the 
window, together with the oufline of the terreftrial 
objefls bordering on the Iky. This appearance 
will remain for . near a minute, though oc.cafiondUy 
vanilhing and ^changing color, in a manner jchat 
brevity forbids our minutely defcribbg. . From 
thefe fads we are authorized to; conclude, that all 
impreffions of light on the eye laft a ctwijSder- 
able timcjj that the brighteft objeAs make, the 
moft lading impreflion^j .and that, if the. olbjeft 
be very bright, or the eye weak, the impreffion 
may remain, for a time fo ftrong, as to mix with, 
and confufe the fubfequent impreffions made by 
other objefts- In the laft cafe the eye is iaid to 
be dazzled by the light. 

Q^ The fpace through which light paffcs is called 
a medium; by which term reference is had to the 
quantity or denfity of the matter contained in the 

. "•By M. D'Arcy. See Mem. de PAcad. des Sciences, 
1765 i or Prieilley's Optics> p. 634. 

ipacc: 
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(pace: thus^ glafs and air are mediums^ but a va^ 
cuum, or fpace abfolutcly void, is a medium alfo. 

When light pafles through mediums, cither ab- a 
Iblutely void, or containing matter of an uniform 
tJenfity, and of the fame kind, it always is found / 
to proceed in ftraight lines. Whence it follows, 
that the rarity of light incrcafes as the fquarc of 
the diftance from the radiant body. For the light 
which falls on the iquare abcd, (Hg. 71) from 
the point r, at the diftance r a, will be fprcad over 
a furface, abed, four times as large at twice the 
diftance, or r a« 
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.; • OPTICAL DEFINITIONS AND PRINCIPt£S. 

When a ray of light pafles out of one medium s 
into another, and is bent out of its courie at their 
common furface, this bending is called refraftion. 

When a ray of light proceeds to the common t 
furface of two mediums, and inftead of pafling 
from the one into the other, is turned back into 
the firft, this turning back is called refleftion. 

The angle of incidence is the acute angle which u 
the line defcribed by the ray of light makes with 
a line drawn perpendicular to the furface at thq 
point of incidence. 

" The angle of refleftion or refraftion is the acute y 
^ngle, which the line defcribed by the ray of light 

S 3 after 
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' after rcflcftion or refrafUon makes with the peV- , 

, pcndicular to the furfacc at the point of incidence* 
w Thus, if Rs reprefcnt the common, furface of 
two mediums, ac (fig. 72) 2l ray of light inci- 
dent at c, and i» q^ a line interfeding the furface 
at right angles at c i then the angle a c p is difc 

^ .angle of incidence. If it be refledtcd at c, lb as ^ 
to return in the line c b, then the angle p c b is 
the angle of refleftion: and. if it be rcfradbed at c, 
fo as to proceed in the line c f, the angle oje f is 
the angle of refraftion- 

X The angles of incidence, rcfleftion, and refrac- 
tion lie in one and the fame plane. ' 

y ' The angle of reflcftion is equal to the angle of 
incidence. 

^ If the refrafted ray be returned direftly back 
to the point of incidence, it ihall be refra6bed into 
the line which was before defcribcd by the incident 
ray. 

A The refeafl:)ve powers of different mf^iuQis are 
nearly as their denfities; that is to fay, if a ray of 
light pafs out of a rarer into a denfef medium, it 
will in general be refraded towards the perjiendi*- 
cular, fo that the angle of refraftion will be le(s 

". than the angle of inqidence. And the contrary 
will happen if tha ray pafs out of a deafer into a 
rarer medium (1*62, z), 

B The' fine of the angle of incidence is cither ac- 
curately or very nearly in a given ratio to the 
fine of the angle of refr^dtion, in all obliq[uities of 
the incident ray. 

All 
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All objc<5ls fccn by rcfledtion or refradion ap- c 
pear in that place or direftion, from whence or in 
which the rays were laflf refleftcd or refradled to 
the eye. 

Thus, if the fay ac (fig. 72) proceed from an d 
objedt at a to c, and be thence reflefted to the 
eye ,of the Ipeftator at b, the objedt will be fcen not 
at A but at T, in the direction of the refieded 
ray b c. And if the' ray f c proceed from an ob* 
je6i: at f> and be refraded into the dire£lion c a 
to the eye of a fpeftator at a, the objedl will be 
feen not at f but; at n, in the direflion of the re-- 
frafted ray ac. 

On this account it is that obje6ts are feen in x 
mirrors or lookin^-glaffes, and that objefts fccn 
under water appear out of their true places. Let 
abcd (fig. 73) reprefent a vcflel containing wa- 
ter, whofe furface is fc^ and let o reprefent an 
objeft at the bottom. Then^ to an eye at e the 
obgeft o will be feen at k, by means of the ray o l, 
which pafiing from a denfer to a rarer medium 
(262, a) is refraded from the perpendicular p<i^ 
into the ditedtion le. Or let abcd (fig. 74) 
reprefent a veflel fo placed with refpc£t to the 
candle e, that the fhadow of the fide a c may fall 
at D. Suppofc it now filled with water, and the 
fliadow will withdraw to d, the ray of Ijght e a, 
inftead of proceeding to d, being refracted to d 
And there is no doubt but that an eye placed at 
d would fee the candle at c in the direction of the 
.irefra£tea ray d a, 

S 4 Tho 
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The foregoing principles are founded on experi- 
jnent or obfervation, and the mathematical appli- 
cation of them to the raya of light which pals 
through glaffes, or are refleded from mirrors of 
varioys figures, conftitutes that branch of the fai- 
ence of optics which teaches the conftryftion of 
inftruments. But it will be proper to avoid the 
explanation of thefe for the prefent, till an ac- 
count has been given of the various reflexibility, 
refrangibility, and colours of light, 



CHAP. Ill- 

OF THE VARIOUS REFRANGIBILITY OF THE RAYS 

OF LIGHT. 

G Lights which differ in colour differ alfo in r^ 

frangibility, and the contrary. 

H Let AB (fig. 75) reprclent a wedge or trian^ 

gular prifm of glafs, then the triangle a b q (fig. 7$) 

may be conceived to be a feftion of the faihe, at 

right angles to its axis. Suppofe j n to be a ray 

of light incident at n, and . thence refrafted to e> 

' on the furface c p, where it is again refrafted into 

"the direftion em; fuppofe i n to be another ray 

'parallel to the former, and confequently incident 

at n, with the fan^c angle. Now, if the ray i n 

have exactly the lame capability or difpofition to 

' be refracted • by the prifm, ' as the ray j n, the 

angles of j-efraftion \yill alfo be equal, and in 
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ynll, when refraftcd mto the dire£tions ne and 
c m, ftill conrinuc paraUcL .to the ray.j n, which • 
is refrafted into n b and e m. But if it be more . 
refrangible it will be refrafbed into dire&ions^ . as 
n f and f g, verging more towards the bafe a c, or, 
if lefs refrangible, it will be refracted into direc- 
tions> as n h and h k, that verge lefs towards the 
bafe A c. Whence it appears, that if a pencil or 
coUeftion of rays fall parallel to each other on one 
of the fides of a prifm, and' do not proceed pa- 
rallel to each other on their emergence, it mud be 
becaufe fome of the rays are more refrangible than 
others. 

Let the fpace contained between eg and mr x 
(fig, 77) reprefcnt a darkened chamber, of which 
thofe lines reprefcnt the fides. Let j n reprefcnt a 
pencil of light from the Sun, palfing through the 
hole F, and incident on the fide. bc of the prifm 
ABC. It is plain, that if the prifm were not in- 
terpofcd, the pencil j n would proceed to s, and 
there illuminate a fmall circular fpot on the wall; 
and from the preceding explanation it is evident, 
that if all the rays of light be equally refrafted by * 
the prifm, the whole pencil, being equally turned 
out of its courfe, will fuffer no alteration with re- 

» • 

Ipefl: to the parallelifm of its rays, and confe- 
quendy.wiU, after refraftion, proceed to <v., and 
there illuminate a Ipot fimilar to that which would 
have appeared at s. But if the pencil be com- 
pofcd of rays not alike refrangible, the moft re- 
frangible rays will be thrown farther from s, and 

the 
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'the leail refrangible^ bcmg k& c^eSeSed out ^f 
their' courfe, muii: fall on a parf of the waU nparer 
tO'Sf while thbfc which are re@*angible in the in- 
^roiediate degrees wtU faljl at interpofed diftancqs 

K between them. The aftual experiment, deter- 
mines, that the Sun'3 light is compoied of ray^ 
whofe refrangibiHdes are not all the fk^e; %* 
after emerging frcva the prifm, inftead pf iUypu. 
imting a circular ^ace^ they akie fpread intp a long 
fpp&mm, i>ounded by right-iii^d iid^ and <kcu^ 
Sir tndsj and whoife length is at right an^es tp 
the dire&ion of the axis of the prliGsn. 

L This oblong fpeftrum is varioufly coloured. The 
lower part) wlrich. conf^s of the;leaft rrfrangiblc 
rays, is of a iivdy red, which> higher wp hy in- 
fesnfib^e gradations becomes an^^B^es theorai:\ge 
in like manner is fupcceded by a yeUow ; the y^- 

, Jowby a green; the green by a blue^ after wjv^h 

-Ibllows a <fcfep blue or Indigpi and iaftjy* a faiijt 

yioi^. With a prifin, whofe refra<3tii^ angle was 

63t degrees, fo placed, that the angle ipf ,ioci- 

dence on the firH: furface was equal xo the aiigle 

' of.rdraflion at the emergence or ftcond ^rfac?, 
the ipe(5lrum, received on a wall at the diftance 
of .i8i feet, was lo inchesj or lo^- in length. 
Its , jDFcadth is in all cafes equal to that of the cir- 

' cle, which would have been formed at that dif- 
tance By. the admitted beam or pencil of tight, if 
the prifm had not been interpofed. 

M . The Ipaces occupied by the feveral cdojurs of 
the ^eftrum anfwer to the fubdiyifions of a mu- 

fical 
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fical chord: thus, if agmf (fig. 79) reprelenc 
the fpeftrum^ and the Itnes f m> b a^ d g, z y^ Sec 
mark the confines of the colour^ ; the fpace m a b p 
being occupied by the red, a g d b by the orange» 
g y z d by the yellow, and fo forth, in the order 
aboye-mentioned, and o m be prolonged to x, lb 
that M X may be equal to o m, the lines ox, 1 x» 
ix, ex, yx, gt, ax, mx, will be in proportioQ 
to each other ais'the numbers i, ^ 4, ^, ,•, », 
T?^ 4,"**^^ therefore exprefe the chords of the key, 
tone, lefe third, fourth, fifth, greater fixth, greater 
fcventh, and oftave. Or, to render it more &mi«- 
liar to thofe whofe knowledge of mufic is mcre^ 
praftical, let a b reprcfcnt the ftring of a violin or 
gtdttar, and a fi'et or fmall bridge be fixed on the 
finger-board at the middle diftance a, between a 
and B', and likewife frets at g, f^ e, d, c, b, fi> 
diat the dillances ag, g^ fe, ed, dc, cb, and 
b A, may be in proportion to the fpaces occupied 
refpeftively by the red, orange, yellow, green,* 
blue, indigo, and violet, in the ipe6trumi then 
if the open ftring found a, the regular afoent of 
Ae ftopt notes will be in the minor tiiird from 
that key; the notes being a, b, c, d, e, f Skarp, 
*t5 Iharp, and a odtave. ^ 

Thofe rays which have the fame degree of re- h 
frangibility will, after rcfrafHon, faH Mthin a cir- 
cle equal to that which would have been illumi- 
nated by the light if fufiered to proceed to s 
(264, h): and therefore the Ipeftrum may be 
' conceived to be compofcd of an indefinitely great 

number 
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jiumber of fuch equal circles, whofe centers are all 
on the fame line. For example i if a b d c (fig, 78) 
Teprefent the fpeftrum, the circle a b being formed 
by the red^ or leaft refrangible rays^ and the circle 
D c by the violet, or moft refrangible rays, then the 
rays, whofe refrangiblity is intermediate, will form 
an innumerable feries of circles, and fill up the 
.ivhole fpace, (6 that a c and b d will appear as right 

o Kncs. Now, it is obfervable; that though the light 
in the fpedrum thus feparated into its original rays 
is much lefs compounded than before, yet it is ftiU 
compounded in no fmall degree by the int;erference 
of the circles with each odier, particularly at the 
line £ F, equidistant between a c and b d ; and that 
at the lines a c and b d, where the circles do not 
interfere at all, the light is perfeftly homogeneous 

p or uncompounded. But becaufe the. colours in the 
fjpc&rum contiguous on cither fide of any gpiven 
colour do by mixture compound a colour that dif- 
fers infenfibly from the original intaermediate co- 
lour itfelG a right line drawn perpendicularly acrofs 
the ijpe£trum will be found in the fame colour 

0^ throughout. For moft experiments in which un- 
compounded light is required, that of the fpeftrum 
will be found fufficiendy fo, but in cafes where a 
^eater nicety is demanded, the common diameter 
. of the circles, or breadth of the fpeftrum, may be 
. diminilhed by making the hole at f fma^er, or ttic 
figure of the hole may be altered.* 

R It is evident from what has been already faid, that 
this phcnomenpn arifes from the nature of light itfelf, 

fonic 
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foihc oFthe rdyi of which arc more refrangible than' ' 
6th'ers.) And as an additional confirmation it is s 
obftrved, /that if the fpeftrum be received on a' 
board which is perforated, fo as to let pafs one ray . ' 
of light, or colour, that ray will not be changed 
by any refraftion it may be afterwards made to 
fuffer, "bot continues the fame both in colour aod • 
reffangibility. And if the colours of the fpeftrum-r 
be by any refleifton or refra6Kon made to unite-- 
again, they will again form the compounded colour 
of whitene6.'- n ♦ 

The quantity of the difperfion of the rays of u 
light, which at equal diftances from the prifm is 
nearly expreffcd by the length of the fpcftrum, 
il6es'-not follow the quantity of the refraftion of the 
mean ray, except in mediums of the fame kind. 
Thus, if two prifms of different kinds of glafs re- v 
ffaft the folar ray equally out of its firft direftion, 
the fpeftrum of colours formed by the one will be 
much longer than that formed by the other; and 
it is found, that in equal angles of mean refraftion, w 
glafs, in the compofition of which much lead enters,' 
difperfes the light into its component colours much 
more than glafs which- abounds with alkaline falts*. 

If by means of two prifms, a frftall piece of pa- x 
per be illuminated, the one half with red, and the 
other half with violet light, and an obferver view 
the fame through another prifm, the paper will, by 
the different refrangibility of the rays, appear di- 

* Afta (or perhaps Mifcellanea) Berolinenfiaj for 1766; 
quoted by Prieftlcy in his Optics, p. 474. 

vided 
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vided into two. For the violet half being &en bf 
a more refrangible lights will appear to be carried 
farther from its true place than the red, and will 
y .therefore fcem to be feparated from it* The fame is 
likewHe true of colours which arife fixrni the (epa- 
ration of light which is made by bodies on which 
it &Ils> and which we are apt to call natural co- 
loursi for if a paper be painted, the one half with 
a lively red, and the other half with an indigo, and 
it be placed in the Sun's light, it will in the fame 
manner appear divided, if viewed through a prifm. 

CHAP. IV. 

OF THE VARIOUS REFLEXJBILITV OF TH« RAYS 

OF LIGHT. 
I 

2 The Sun*s light coiififts of rays which differ in 
reflexibility, and thofe rays which are more refran- 

A gible are alfo iDore reflexible thaa others. Let 
ABC (fig. 80) reprefent a prifm, whqfe angia b is a 
right angle, aqd the two angles a and c ^qual to 
each^o^er./ Suppofe jn to be a beam of light 
lyhich paifes through the furface b c, and is incident 
on A c at N. It will then emerge in the diredion 
NO, fo that the fine of the angle of refraftion 
G N w may be in a certain rado> (262, b) to the 
line of the angle of incidence b n z, which in glafs 

, is as 3 to 2, nearly. Now, when the angle of in- 
cidence at N is fuch, that the fine of the angle of 
refradion is equal to the radius, the angle of re- 

- fraction 
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fheltion faecoitoing a right dngle, tfifc ray cannot 
€»ver^, but ^yill be totally refle6bed or turned back 
imo the glafs. This happens in ^lafs when the 
angle of incidence is about 41 degrees, 
' That the componeht ray$ of light are not at b 
all Equally ^fpofed to be refiecStcd, is proved by 
turning the prifiw flowly on its . axis, till the light 
beginsi to be feflefiiedj for it then app^ar^, that the 
flifore refrangible rays are reflected fooner, or at left 
stogies of incidence than thofe which are left refran- 
gible. » Let iw M reprefent the fefledcd bean), and c 
fu^pofe the prifrtv v x y placed to as to receive and 
fepardt* it into its coiftponertt colours by refraftioq: 
tlien Ihe light which firft begins to be refletSted, 
confiding almoft intirely of violet rays, will by the 
fecond prifm be refraftcd fo as to fell at p, and 
paint a violet colour. ' As the firft prifm continues 
to be turned on its'axis, the light is more and more 
copioufly refleft'ed, and the colours betweea p and 
t appear in lucceflionr according to their order in 
feftangibility; violet, irtdigo, blue, green, yellow, . 
orange, arid' laftly red, at which time the refledlion: 
becomes 'total: the colours formed by refradlion at 
ii G difappearing as thofe ^t p t zippear/ 

White light bising proved to cdnfift of rays d 
which diflftr 'in refrangibilttyi re flexibility, and 
the power of excidng the fdea of colours it is 
dear* that nothing more is neceflary to account 
tot the colours of bodies than to fuppole each body 
endued with a power or aptitude to refle<ft the rays 
of one * particular colour, and to imbibe the reft. 

But 
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But the truth of this does not reft on mere fijppo- 
£ fiuon. Bodies e^ofed to the uncompoiuided light 
of the fpcdrum^ are ever found td be of the colour 
of the light in which they are placed^ with this only, 
difference, that they appear much more lively in 
that colour, which is the fame with that which they 
F e^ibit in the day light. And &om hence it ap^ 

• pears, that the colours of bodies caniiot be to 
homogeneous and full as thofe . of the fpedrum; 
for fince they reflcdt all colours in Ibm^ degree as. 

• well a^: the principal or 'predominant, one^ that 
principal colour , muft be much diliUted and we^T 

G ened by the mixture. It may likewife from hence 
be inferred, that as the uncompounded coloufs arc 
not changeable by refraftion, fo neither are they, 
changeable by refleftion. 

H Language being invented chiefly for the expref- 
fion of ordinary events that do not require any 
great prccifion, it very frequently happens, that 
the fame word is ufed to denote very different 
things. It is proper to be remarked, that the word 
colour is thus ufed. If the word. be ufed to denote 
the fcnfation or idea excited in the mind, . it is fuf- 
ficiently obvious, that it cannot be fcientifically 
ufed to denote that attribute by which bodies are 
able, byrqflefting the rays of light, to produce the 
fenfation. And (till lefs ought it to be ufed to 
imply that quality the various kinds of light pofTefs, 
of producing the fenfation, when feparated from 
each other, either by refleftion from' bodies or 
otherwife. It may, however, be allowed to ufc 

the 
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the terms coloured rifi^ or coloured bo(£es/ diough 
the fcniation of colour, the fpecific.properticsof the 
rays, . aiid of die rcflcdling bodies, arc jundoubtedljr 
things very different from each other. So different, 
indeed, that this remark might with juftice be fup- 
pofed' unneceffary, if experience had not fhewn, that 
among the pretenders to philofophical knowledge 
fomt hare been found capable of miftaking in this 
very particular *. 

C H A P. V. 

CONCERNING THE RAINBOW. 

The inftance of the fcpararion of the primary i 
Colours of light which fcems moft remarkable, is 
that of the rainbow. It is/ormed in general by the k 
rcflc6tion of the ra^s *6f the Sun's light from the 
drops^of falling rain, though frequcndy it appears 
among the waves of the \ lea, whofe heads or tops ' 
are blown by the wind into fmall drops, and is (bme* 
times feen on the ground when the SuBf^ihines on a 
very thick dew. Cafcades and fountMns, whofe 
waters are in their fall divided into drops, exhibit 
rainbows to a fpedator, if properly iituated during 
the tim< of the Sun's (hining; and water blown vio^ 
lendy out; of the mouth: of an obferver^ whofe back 
is turned towards the Sun, never Mk- to produce 
the faoie phenomenon. This appearaoce is alio l 

* / • • - • . . • 

• The oppofers of Newton's difcoverles on light and colours 
haLvefklfely affirmed, that he taught that the rays of lighi werp' 
coloured. 

Vol. I. . T * feen 
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feea b7 moooligbCy though ic^om yirid taaof^ to 
render the cdoiirs difttnguifliable; add cfae artificial 
raintx>w may be produced even by candk-iig^t on 
the wat^ which is ejected by a finall fountain or 
jet d'eaik AU thefe are of the fame nature^ and 
' dependant on. the fame caufes^ an idea of which 
may be formed by the following confiderations* 

M Let the circle wq^cb (fig. 8i) reprefent a 
globe or drop of water upon which a beam of 
parallel light fallsj of which let T b reprefent a ray 
falling perpendicularly at b>. and which by confe- 
quence (262, v, b) either pafles through without 
refra£tion> or is reflected diredly back fi-om q^. 
Suppofe another ray 1 k, incident at k^ at a dif- 
tance from b^ and it will be refraAed according to 
a certain ratio (262, b) of the fines of incidence 
and refraftioa to each othei;, ^ which in rain w^r 
is as 529 to 3969 to a point i^ whence it will 
be in part tranfmitted in the diredipn |.z,. and 
in part reflected to u, where it will again in 
. part be refte£ted> and in part tranfmitted in the 
diredion M ?, being inclined to' the line de** 
ftribed by the incident ray in the angle 1 op. An- 

. 9^r ray an, ftiU fiuther fix)m b, and cohfe- 

quently incident under a greater anglci will be 

refiaAed to apoint f, yet fiirther fi-om Qi, whence 

k will b^ in part refieAed to c^ from wbicb place 

it will in part emerge^ forming an angle a Hit with 

the incident a }f, greater than that which . w}s 

^rmc4 bctwc^Q the ray MP and its incident; tsqr* 

And 
6 
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, And thus, while thef angle of incidehcif dr diffancc 
of the poiAC of incidence from b mcre^res, the 
. diftance between the point of refle£Hoa iitA <^> and 
the angle formed betweeh the incident and emer-* 
gent refleded rays wiH alio increafe ; that is to fajr^ 
. as far as it depends on the dtftance from t : but 
as the refraction of the ray tends to carry the point 
of reftedtion towards q^ and to diminifb the angle 
formed between the incident and emergent reflected 
jfay, and that the more the greater the diftance of the 
point of incidence from b, there will be a^ certain 
point of incidence between b and w, with which 
the greateft poffible diftancd between the pomt of 
reHeftion and c^/ and the greateft poflible angle 
between the incident and emergent reflfeftcd ray wiljl 
correfpond. So that a ray incident nearer to b (hall, at 
its emergence after reflcftion, form a lefs angle with 
die incident, by reafon of its more diredt refleftion 
from a point nearer to q^; and a ray mcident ne^er to 
w, fhall at its emergence form a lefs angle with the 
incident, by reafon of the greater quantity of the 
angles of rcfradbion at its incidence and emergence. 
The rays which fall for a confidetabte fpace in the vi- 
cinity of that point of incidence with which the grcat- 
efl angle of emergence correfponds, will, after emerg- 
ing, form an angle with the mcident rays differing 
hifenfibly from that greateft angle, and confequcntl/ 
will proceed nearly parallel to each other; and thofe 
rays which fall at a diftancc from tha!t point will 
^erge at various angles, and confequendy wUi 
diverge. Nbw» to a ipeftator, whofc back is turned 

T a WWarda 
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towards the radiant body» and whofe eye is at f 
confiderabk diftance from the globe or drop> the 
divergent light will be fcarcely, if at all percep- 
tible i but if the globe be fo fituated, that thofe 1 
/ rays which emerge parallel to each other, or at the. 1 

' greateft pofTible angle with the incident, may arrive j 
at the eye of the fpedator, he will, by means, of^ 
thofe rays, behold it nearly with the fame fplehdor- 
at any diftance. 

K In like manner, thofe rays which fall parallel onl 
a globe, and" arc eihittec! after two reflections, fup- 
pofe at the points f and c, will emerge, at h^^! 
parallel to eath other, when the angle they make J 
with the incident, a n, is the lead pofTible ; and 
the globe muft be feen very rclplendent, when its 
pofition is fuch, that thofe parallel rays fall on the 
eye of the fpedator. 

o \ The quantities of thcfe angles are determined by 
calculation, the proportion of the fines of incidence^ 
and refraftion to each other being known. And* J 
this proportion being different (264, o) in rays^J 
which produce different colours, the angles muft 
vary in each. Thus it iis found, that the greateft 
angle in rain-water for tlie leaft refrangible, or red 
rays, emitted parallel after one refleftion is 412^ . 
' a', and for the moft refrangible or violet rays emit- 

' ^ttd parallel after one rcfleftion 40° 17'i likewife, • 
"after two refieftions the leaft refrangible or red rays 

^^''will be emitted nearly parallel under an angle of 

^5^^ 57', and the moft refran^ble or violet under 
an angle of 54'^ 7'i and the intermediate colours 
>. • win 
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will be emitted nearly parallel at intermediac%» 
angles. 

Suppofe now, that o (fig. 82) is the ipeftator's p 
eye, and o p a line drawn parallel to the Sun*s 
rays, and let poe, pof, pog, poh, be angks 
of 40^ 17^ 4^^ 2', 50^ 57', and 54^ 7'rerpec. 
rively, and thefe angles turned about their Com- 
mon fide o p, will, widi their other fides o e, of; 
o G, o H defcribe the verges of two rainbows as in 
the figure. For, if e, f, g, h be drops placed any 
where in the conical fuperficies defcribed by o e, 
0F,~OG, OH, and be illviminaced by the Sun's 
rays s e, s f, s g, s h s the angle s e o being equal 
to the angle poe, or 40^, 17', will be the greateft 
angle in which the mod refrangible rays can, after 
one refleftion, be refraijted to the eye, and there- 
fore all the drops in the lihe o e muft fend the moft 
refrangible rays moft copioufly to the eye, and 
thereby ftrike the fenfe with the decpeft 'violet 
colour in that region. And in like- manner the 
angle s f o being equal to the angle pof, or 42° 2', 
will be the greateft in which the leaft refi-angiblc 
rays ifter one reflcftion can emerge out of the drops, 
and therefore thofe rays muft come moft copioufly to 
die eye firom the drops in the line o f, and ftrike 
the fenfe with the dcepcft red colour in that region. 
And, by the fame argument,^ the rays which- have 
the intermediate decrees of refrangibility will come 
moft copioufly from drops between £ zad f, and 
ftrike the fcnfes with the intermediate colours in the 
order which their degrees of refrangibility require 5 • 

T 3 ^ thai 
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that \s3 in -the progre& from s to f> or from the 
infide of the bow to the outfidcj in this order, 
violet iadigih blue, green, yellow, orange, red. 
But the violet, by mixture of the white light of 
die cloudsi, will appear faint, an(i iocUned to purple. ^ 

^ Anin, the ang^e s o o being equal tp the angle 
p p G, or 50^ 57 ^ will bjc the Ipaft angle in which 
the }e^ refrangible rays can, after two refle&ions, 
emeigjc out of the drops, ^i^ therefore the kaft 

. refrangible rays muft con^e mod eopiouAy to the 

eye frpm '^ drops in jthe line o o, and ftrike the 

ienfe with the d^epeft red in that region. And the 

9ng^e sifo bieing equ^l t;o t}ie an^ poh, or 54^ 

7^, will be^he leaft ^ngle in whiph the moft re« 

il-angible frz^jh ^^i* two refie£tions, can emei^ge 

out of the drops, and therefore thofe rays muft 

cpme Hiofl; cc^ioufly to the eye from the drops in 

the line OH, and ftrike the fenfe with the deepeft 

yiol^t in th^t region. And, by the fame argu* 

ment, the drops in the regions between o and h 

ip^iU itrike the fenfe with the intermediate colours 

in the order which their degrees of refrangibility 

i;equire ; that is, in the progrefs from o to h, or 

from' the .infide of the bow to the oittfide in this 

order, red, orange, ycUow, green, blue, indigo, 

^d violet. And fince the four lines o £, of, o c, 

6'^ may be iituated any where in the above-men- 

"^ tioned conical fuperficies, what is faid of the dr<^s 

and colouis in ihefe lines is to be underftood of the 

drops and colours every where in thofe fuperficies. 

& Thus (here will be made two jbows of colours, 

an 
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an'interidr and ftronger, by one reflefUon in the 
ckt>p% and an exterior and* fainter by two; fi)r the 
l^t becomes £dnter by every refledion r and their 
colours will lie in a contrary order to each other> 
ifie red of both bows bordering upon the fpace c f> 
which is between the bows. The breadth of the 
interior. bow> soFi, meafiired crols the colour% 
will be 1^ 45', and the breadth of the exterior^ 
G o H» will be 3^ 10 fy and the diftance between 
theni ooFj will be 8^ 55 ^> the greateft^ fetnidU 
anidcr of die innermoft, that is^ the angle i^aF* 
being 42^ 2', and the lead femidiameter of the- 
Qutermoft poo being 50^ 57 ^ Thefe are the raea- 
fures of the bows^ as they would be^ were the Sun 
but a point j for, by the breadth of its body, the 
breadth of the bows will be increaied, and thejr 
diftaiace dimini(bed by half a degree, and fo the 
breadth of the interior iris will be 2^ 15^ that of 
the exterior 3^ 40',tbcir diftance 8^ 25'; the great- 
eft femidiameter of the intserior bow 42^ 17 V and 
the Icaft of the exterior 50^ 42^. And fuch are 
the dimenfions of the bows in the heavens found 
to*be very, nearly, when their coloucs ^jppear ftroogj 
and perfedh. 

The Kg|it which. comes throii^h drops of rab bjr j 
two Tefraftions wid9K>ut any refkidion oqght to appear: 
ftrongeflrat the diftance of about 26 degrees front 
the Sun> and to deqay gradually both ways as the» 
diftance from the Sun increafes and decreafcs. 
AflkL the &mp is to be underftood of light tr^nf* 
nutted, through ^herica) hail-j[|oaes« And if thei 

T 4 haU 
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hail be a little ^attedj as it often' is, the Hght 
tranfmitted may grow fo ftrong at a little kfs dtf- 
tancc than that of. 26 degrees, as to fomv,a.hak> 
about the Sun and Moon; which halo, .as. o&tn 
as the ftones are duly figured, may be colcwredjf 
and then it muft be red within, by the leaft .refran-^ 
. gible raysi and blue without, by the moft rcfran-^ 
gible ones. - 

T The. light which paffcs through a. drop-of >raift 
after two .refra&ions, and three or more reflec- 
tions, is fcarcely ftrong enough; to cwfe 'ft)fenfible- 
bow. 
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OF :the separation of the original rays of 

; LIGHT BY REFLECTION OR TRANSMISSIOWi 
THAT DEPENDS ON THE THICKNESS OP THE 
MEDIUM UPON WHICH THfiV ARE INUDENT. 
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u The original or component rays of: light arc Ic- 
parable from- each pther, not only by refraSjoni or 
by varying the angle of incidence on a rcfledting 
furi^ce, but are lilcewife at like incidences more or 
lefs reBexiblcj according to the thicknefs or diftance 
between the two furfaces of the medium on which 

V they fall. They are alfo liable to be- turned out of 
their dircft courfe by approaching within a certain 
diftance from a body, by which means a feparation 
enfues, the rays being more or lef§ deflefted as they 

*, differ 
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dtficr iacoloufv Of thcfc cifcuinftandcs 4t will be 
prd|)er to give fiBxne account. 
• If a glals or lens, /^rhofe? fuirface is convex, or a w 
portion of a fphere, be laid upon another plain 
^af^, it is evideht that, it will reft or touch at one ' 
par.ticubr p^int only; ai>d dij»*efore, that at- ^U 
other places .^jetween the- adjacent furfaces will be. 
interpbfed a thin plate of air, the thicknefe of 
which will increaie iti a certain ratio, according to 
the diftance from tbt point qf conta^ ; that isr to 
layi iii arcs whofe verfcd fines are veryfmall,. a$ 
the4ian)eter of the fphere is to the finie of the .ar<i 
fo is that fine to the verfed, fine ,or tbifknefi of the 
ail' at thei diftance me^ured by die fine. 'Z 

Light Jncidc^t upon fucb aplate of air is dif- x 
pofcd.ro bd tfftnfmitted or rcflefted according to 
it^; thi^knefsr:. thus, ' at the centier of conta^Jj, the 
%ht is tranfmitt^d, and a blapk circular fpot Ap- 
pearss this fpot is Environed, by a circle> the co- 
lours of which, reckoning from the internal part, 
are blue, white, yellow, rcdj then follows another 
^ircul^r feries, viz. violet, blue, green, yellow, 
uedi then purple, blue, gre^n, yellow, red; green, 
red.i greeniih . blue, red; greenUh blue, pale red; 
gi^eniih blue, reddi(h white. , . , , 

Thefe are the colours which appear by reflcc- y 
tioi^:' by the tranfmitted light the following feries 
are feen. At the centre white, then ycllowifli red, 
htacki viokt, blue, white, ycUow, red; violgt, 
. blue, green, yellow, red, &c. fo that the tranf- 
mitted light at ally tbicknefs, inftead of white, 

appeafs . 
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appciafs of the compomnded eobur which ie ou^t 
to have after the fubtradim of feme' 6f the oonfti^ 
tfient colours b^ reflection; after which ^riestSie 
colours become too ^m afx) diluce to be difcemed/ 

z It is obfervabte> diat the glafibs witt not come inpto 
clbntaA withopt a conSderablo degree of preHlire. i 

A By admeaiiiFement it appears, that the rays <^ 
any particular colour are di^fed to be refleded 
when the thickneffes of the plate of air are as the 

numben i. j. $• 9* ^'v ^^* ^^: that the 
fame rays are di^fed to be tranfinieted at the iq^ 
fimne^te thickneflesi which are as the numben^ 
©. 2. 4. 6* 3. 10. &c. 

B llie places of rsfl^dion or tranfmiflSon of the 
federal colours in fi feries Bste 1h near each other, 
that the c^urs dilute each other by mixtures^ 
whence the number of feries in the open day^tightf 
feljom exceeds ievea or eight: but^ if the iyftem 
be viewed through a prifm, by which mean$ the 
rings of various colours are feparated acGording toi 
their reffangibilities> they may ^ feen on ^at fide^ 
towards which the rcfra<ftion is made, fo hurt^ousy 

c rfiat it is impoffibte to count them. Or, if in « 
dark chamber the Sun*s light be fiparated into i» 
original rays by a prifm, and a ray of oRc uncom;-: 
pounded colour be received upon* the two glaflcs 
heretofore defcribed, the number of *iF<*lcs wiB be- 
come very numerous, and both the reflfeSned and 
iranimitted light will remain of the fime cokxir as 
the original incident ray. In this expcriopent it 
Ifo is fecni that m any fcrics,. the* circles formed 

• \ 'by 
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by the left rcfraiigible rays exceed in magnitude 
thofe which are formed by die more refiang^bk 
ray^, ^ i^Qfij^qmently that in any feries the room d 
refiwgible rays are refkdlcd.at left thickncffcs 
than fhofe whii:h 4rc lefs refrangible. 

IP the light be incident obli(|iiely^ the rings of e 
colours dilate and enlarge tii^iifelvesj whence it 
fcllp>ys, th^t the thiekriefs required to rcflea the 
CftjQurs of any ferie$ is different in different obli- 
qwftcs, . 

Water^ applied to the «dg^ of the glafles>' is r 
^tra&ed becween them^ and iiHing all the inter- 
cedent ipacci becomes a thin plate of the fame di- 
Hienfions^ as diac :which before was ^onfUtuted of 
air. In thi^ cafe the rings become much fainter^ 
but vary Jiot in their ipecies> apd are contra£l6i 
, in diameter iiearly in^ the proportion of 7 to 8 : 
confequendy the intervals of the glail^s at like cir« 
cles caufed by thefe two mediums, water and air, 
are as about 3 to 4^ that is, nearly as the fines 
which mea&re the angles of incidence and refraoi^ 
tion, made at a common furface between them. 
And hence it may be fuipefted, that if any other o 
medium, more or lels denfe d^an water, be com* 
prefled between the two glafles, their intervals at 
the rings caufed thereby will be to the intervals at 
which fimilar rings are caufed by the interjacent 
air, as the fine which meafures the refraftion made 
out of air, into that medium is to the fine of the 
incidence on the common fur&ce. 

Thefe are fome of the phenomena of light inci- h 
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cknt bo mediums ndnch are enviitxied by mediums 
of greater denficy, as sur or water compreffed or 
induded between plates of glals. . The fame ap* 
pearances Y0II0W9 though with ibme little varia^ 
tioDj when the colorific medium is tlenier than that 
in which it is inclofed*. 

It is well known that bubWcs blown in ibap* 
water exhibit a gtieai! variety of cobursi but as 
thefe colours are commonly too -much agitated by 
the external air to admit of any certain obferva* 
tion» it is neceflary\that the bubbly be covered 
with a dear glafs; in whiqh.fitQaticm the following 
appearances enfue: the colours . emerge from the 
vertiex or top of the bidri:>le> and as it grows thin* 
ner by the fubrideneet)f the water, they dilate into 
circles or rings parallel to the horizon,' which 
flowly defcend a^d vaniih fucceffivcly at the botr 
torn,. This emergence continue^ till the water at 
the vertex becomes tfto thin to refkft the light, at 
which time a circular ipot of ^n jntenfe blacknefs j 
appears at the top, whiqh flowly dilate$ fomctimes * 
to three quarters of an inch in breadth before the j 
bubble breaks. ^ Reckoning from the black central 
fpot, the refleded colours are . the fame in fuccef- 
fion and quality as tbofe produced by the afore- 
mentioned plate of air, and the appearance of the 
bubble, if viewed by tranfmittcd light, is alfo fi- 
milar, to that of the plate of air in like citcum- 
fiances. 

If the colours be viewed with different obliqui- , 
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desj their place is changed^ but not near fo much 
as in the plate of air. 

The end of a fm^ glafs tube or pipe being n^lt- l 
ed, by turning the flame of a candle or lamp upon 
it, hj means of a blow-pipe, may be bk)wn into a 
bubble of an extreme thicknefs. Such a bubble ' 
will exhibit cblpurs of the fame kind as the fore- 
going, but much more briflc and lively. From k 
which, and the premifed oblervations, it is con* 
eluded that a denfer medium., intlpfed by one that 
is rarer exhibits more lively colours than thofi: 
which are produced by a rarer . medium included 
in one that is more denie. It is alio obfervablcy n 
that the colours produced by reflexion from, or 
tranfmiifion through, denfe fubilances, are lels 
fubjeft to vary by change .of the obliquity of the 
incident light than they are in fubftances. that are 
more rare. 

I 

By wetting very thin plates of Mofcovy glafi, o 
whofe thinnei§ occ^on the like colours to appear, 
the colours become more faint and languid, espe- 
cially if wetted on the furface oppofite to the eye; 
but no variation of th^ir fpecics is produced: fo 
that the thicknefs of any plate requifite to produce 
any colour, fccms to depend only on the denfity 
of the plate, artd not on that of the ambient me- 
dium : and hence, if the fufpicion formerly urged 
be true (283, g), may be known the thicknefs 
which thin plates of any tranlparent fubftance have 
at the place where a given colour in any feries is 
producfcd. For, ' 

As 
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A$ the fine qf the angle of incidence at the conr^ 
xnon fur&ce 

Is to the fine of the angle of refraction out of 
the given medium into air^ 

So is the thickneis of a plate of air which ex* 
hibits the ^ven colour 

To the thicknefs of the given plate. 

As lenfes ground to a long radius are neceflary^ 
to be uled in theie experimencs> and iuch are not 
very common^ it may be an acceptable piece of 
information for the learner to know^ that their 
place may be well/upplied by two pieces of plate- 
glafsy or even common glafs. If thele be previ-^ 
Gufly wiped^ and then rubbed togedier^ they wtU 
foon adhere with a confideraUe degree of force, 
aAd exhibit various ranges of colours^ much broader 
than thofo obtained by lenfes. One of the moft 
remarkable circumftances attending this aietSiod of 
making the experiment is the fecility with vlnch 
the colours -may be remoyed> or even itiade to 
cfifappear by heats too low to fopaftte the g^afles. 
It feems moft probable, that the operation of heat 
confifts m augmendng the diftance between the 
iuriEices. A touch of the finger immediately caufes 
the irregular rings of colours to contract towarcb 
their center in the part touched. 
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CHAP. vn. 

CEHERAi. INFERBUCIS RtSPBdTIKG THE DISP0SI« 
TI0M TO fiS . A^LECTEQ OR TRAKSMiTTtD, 
INTO WHICH. THE KAYS OF LIGHT ARE PUT, 
EY TH£ ACTIOK VTHAT DEPENDS ON THB 
THICKNESS OF . THE MEDItfM UPON WHICH 
THEV A&t INCIDENT* 

m 
\ 

\ 

The eKperiments or obfervadon^ in At laft q^ 
chapter being maturely weighed and confidered, 
indicate the following theorem or general propofi^ 
don,! namely/ * 

Every ray of light in its paflkge through afty re- r 
frafting furfiice is put into a ceruin tranlient cOn- 
i^eution or ftatc, which in the progrcls of Ac ray 
retimis at equal intervals , and difpofes the ray> at 
every rcturti, to be eafily tranfmitted through the 
iwtt refrafting furfece, and, between the returns, 
to be eafily rcBcfted by it. 

For, by thofe obfervations it appears, that one s 
and Ac feme fort of rays, at equal angles of inci- 
dence on any thin tranfparent plate, is alternately 
refle^ed and tranfmitted for many fucceflions; ac-- 
colrdittgly, as the thicknefs of the plate increafes 
in ariAmetical progrcffion of the numbers o, i, a, 
3$ 4* Sj ^i 7> 8, &c. fo that if the firft rcfleftion, " 
Or that which makes the firf^ or iftncrmoft ring of 
colours, be made at Ac thicknefs i, Ac rays fhaB 

be 
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be tranfmittedat the thicknefies o^ 7, 4, 6> 9, ic> 
I2j &c. and thereby make the central ipot and 
rings of light which appear by tranfmiflibn^ and 
be refieded at the thicknefles i, 3^ 5> 7i 9> 1 1> &c» 
and thereby make the rings which appear by re- 
fle£Hon. And this alternate refledton and tranf- 
miffion continues for a great number of vicilfitudesy 
and by other obfervations^ which for the fake of 
brevity are omitted> for many thoufands> being 
propagated^ from one furface of a glafs-^ate to the 
other, though the thicknefs of the plate be a quar- 
ter of an inch or above : fo that this alternation 
feems to be propagated from every refrading fur- 
&ce^to all diftances without end or liqitation. 
And becaufe the ray is difpofed to refledion at the 
thicknefies i> 3i 5> 7> &c. and to tranfmiflion at 
the thicknefies o, a, 4, 6, 8» &c. for its trat^ 
mifiioa through the firil fur&ce is at the diftance 
6^ and it is tranCmitted through both together, if 
their diftance be infinitely little, or much lefs than 

1, the difpofmon to be tranfmitced at the diftancea 

2, 4, 6, 8, &c. is to be accounted a return of the 
fame difpofinon which the ray firft had at, the dif- 
tance o, that is, at its tranfmiflion through the firil 
refi^&ing furfece. 

This alternate refleftion and tranfmiflion depends 
on both the furfaces of very thin pjate, becaufe 
it depends on their diftance. For if cither fur- 
face of a thin plate of Mulcovyrglafs be wetted, 
the colours groxv faint (1285, 0): it muft therefore 
depend upon both, . 

' It 
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It IS therefore performed at the fecond furface ; V 
for if it were performed at the firft, before the rays 
arrive at the fecond, it would not depend on the 
fecond. 

It is dfo influenced by -fome a£tion or djlpofi- v 
tion, propagated from ,the firft to the fecond, be- 
caufe otherwifc at the fecond it would not depend 
upon the firft. Arid this aftion or difpofition, in 
its propagation, intermits and returns by equal in- 
tervals, becaufe in all its progrels it inclines the 
ray at one diftance from the firft furface to be re- 
fleded by the fecond, at another to be tranfmitted 
by it, and that, by equal intervals, for innumerable 
viciffitudes. 

The rpturns of the difpofition of any ray to be w 
reflcfted are termed its fits of eafy refleftion, and 
thofe of its difpofition to be tranfmitted its fits of 
cafy tranfmiflions and the fpace it pafles through 
between every return, and the next return^ the in- 
terval of its fits. 

Thus, let CDFE (fig. 83) reprefent a tranfpa- x 
l-ent medium, fuppofe water, upon which the ray 
A B is incident at a point in the upper furface 
o> o» Draw the line i, i, and let the interval be- 
tween it and o, o, be every where equal to the dif- 
tance between the two furfaces of the plate of water, 
defcribed in the laft chapter (283, f), when the 
firft ring of colour is refleded. Then if the in- 
ferior furface of the medium were at i, i, the ray 
would be reflciSled upon the fame principle as the 
ring of colour, and therefore at x, i it is in a fit 
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of cafy rcfleftion. Draw the parallel i, a at the 
fame diftance from !» i, and the diftance between 
o, o^ and 2^ 2 will be that thicknefs at which in the 
before-mentioned plate the firft ring of colour is 
tranfmitted : the ray would therefore be tranfmitted 
if the inferior furface were at 2^ 2> and confe- 
guendy it is there in a fit of cafy tranfmiflion. At 
2 9 3 it is again in a fit of eafy refledion, and by 
applying the fame argument to the equidiftant 
lines 4, 4; 5, 5i 6, 6\ 7, 7; 8, 8; it will ap- 
pear that the ray will be alternately difpc^d to 
tranfmiflion and refleftion; and if the lall parallel 
or the inferior furface be diftant from the fuperior 
Ibrface o, o, by an even number of intervals, the 
ray will arrive there in a fit of eafy tranfmiflion and 
emerge; but if the number be odd> it will arrive 
in a fit of eafy refieftion, and return back into the 
medium. The diftance between the lines o, o and | 
2, 2; 2, 2 and 4, 4, 8rc. are the intervals of 
the fits of eafy tranfmifTion, and the diftances be- 
tween I, I and 3, 3; 3, 3 and 5, 5, &c. arc the 
intervals of the fits of eafy refieftion. 

What kind of aftion or difpofition this may be, 
whether it confifl in a circulating or a vibrating 
motion of the ray or of the medium, or fome- , 
thing elfe, experiments are wanting to determine. 
But the fafts are not the lefs true on account of 
our ignorance of the mode of their origin. That 
truly great man, to whofe penetration and induftry 
^t are indebted for almofl all the knowledge we 
have of die phyfical properties of lighti has, with 

great 



A!fy TRANSMlSStOM A^D RfefLECttON. dpi 

great modcfty, pfopofcd an hypothefis for the fo- 
lution of thcle appearances. It is not without its 
difficulties, and muft therefore be received with the 
fame caution as it was propofed, till experiment 
fliall either cohfirm it> or fubftitute another theory 
in its place. 

^ Sirlfaac Newton's Hypothecs. It may be fup- 
pofed, that as ftones by falling into water put the 
water into an undulating motion, and all bodies 
by pcrcuflion excite vibrations in the air; fo the 
rays of light, by impinging on any refrafting or 
reflcfting furface, excite vibrations in the refrafting 
or refleding medium or fubftance, tvA by ex- 
citing them, agitate the folid parts of the; refract- 
ing or rcfle6bing body, and by agitating themj 
caufe the body to grow warm or hot; that the 
vibrations thus excited arc propagated in the re-* 
frafting or reflefting medium or fubftance much 
after the manner that vibrations are propagated in 
the air for caufing found, and move fafter than 
the rays, fo as to overtake them 5 and that when 
any ray is in that part of the vibration which con- 
ipires with its motion, it eafily breaks through a 
refradling furface, but when it is in the contrary 
part of the « vibration which impedes its motion, it 
is eafily reflefted; and, by confequence, that every ^ 
ray is fucceffively difpofed to be eafily reflefted 
or eafily tranfmittcd by every vibratign which over- 
takes it* 
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CHAP, vat 

OF THE PERMANENT COLOURS OF NATURAL 
BODIES^ AND THE ANALOGY BETWEEN THEM 
AND TH. COLOURS OF THIN TRANSPARENT 
PLATES. 

A It has already been (hewn (272, e), that thtf 
colours of natural bodies confift in a difpofition' 
to reflcft the rays of one fort of light more copi- 
oufly than the reft. But their conftitution, where- 
by they reflcft fome rays more copioufly than 
others^ remains to be difclofed. 

B Thofe fuperficies of tranlparent bodies refleft 
the greatcft quantity of light, which have the 
greateft refrading power; that is, which- inter- 
cede mediums that differ moft in their refradtive 
denfities. And in the confines of equally refrafting 
mediums there is no refleftion. 

c The analogy between reflcftion and , refraftion 

• will appear by confidering that the moft refrac- 
tive mediums totally refleft the rays of light 
ac lefs angles of incidence, as was before ftiewn 
(270, a). But the truth of the propofition wUl 
further appear by obferving, that in the common 
fuperficies of two tranfparcnt mediums, the reflec- 
tion is ftronger or weaker, accordingly as the fu- 
perficies hath a greater or lefs refraftive power. 
If any tranfparent folid be immerged in water, 
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I 

its Tcfleftion becomes much weaker than before, 
and ftill weaker if immerged in a fluid whofe rc- 
frafting power is yet flironger than that of water. 
If water be diflinguilhed into two parts by an ima- 
ginary furface, the refleftion in the confine of thofe 
two parts is none at all. In the confihc of water 
and ice it is very little i in that of water and oil 
fomething greater; in that of water and fal-gemm 
ftill greater; and in that of water and glafs, or 
cryftal,- or other denfer fubftances ftill greater, ac- 
cordingly as thofe mediums differ moi-e or lefs in 
their refraftivc powers. The reafon then why uni- d 
form pellucid mediums, as water, glafs or cryftal, 
have no fenfible reflcftion, but at their external fu- 
perficies, where they are adjacent to other medi- 
ums of a different denfity, is that all their con- 
tiguous parts have one and the lame degree of 
denfity. 

The leaft parts of almoft all natural bodies, are e 
in fome meafure tranfparent: and the opacity of 
bodies arifes from the multitude of rcfflefldons caufcd 
" in their internal parts. 

This may be eafily feen by viewing fmall fub- v 
fiances with the microfcope or magnifying glals, 
for they appear for the moft part tranfparent. And 
it may alfo be tried by means of the light received 
through a hole into a dark chamber. For any fiib- 
ftance, how opake foever, if it be reduced to a 
fufEcient*thinnefs, and applied to the hole, will 
appear manifeftly tranfparent. Only white metal- 
line bodies muft be excepted, which, by reafon of 
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their tery great dcnfity, fccm to refledl almoft all 
the light incident on their firfl fuperficies^ unlefs 
by folution in menftruums^ they be reduced into 
very fraall particles^ and then they alfo become 
traniparent, 

G Between the parts of opake or coloured bodies 
are many fpaces^ cither empty or replenifhed with 
mediums of other denfities; as water between the 
pinging corpufcles with which any liquor is im* 
pregnated> air between the aqueous globules that 
conflitute clouds and mifts; and for the mod part, 
fpace3 void both of air and water, but yet, per^ 
haps, not ^ void of all fqbftance, between the parts 
of hard bodies, 

A The truth of this is evinced by the two prece-. 
dent propofitions (f, g): for, by the fecond, there 
arc many reflexions made by the internal parts 
of bodies, which would not happen if the parts 
of thofc bodies were continued without any fuch 
interftices between them> becaufe reflexions are 
only made in fupcrficies which intercede mediums 
of different denfities (29J, d). 

^ A yet farther proof that the opacity of bodies 
arifes from this difcontinuation of their parts may 
be had, by confidering that ppake fubftance^ be- 
come tranfparent, by filling their pores with any 
fubfl:ance of an equal or nearly equal denfity with 
their parts. Thus, paper dipped in water or oil, 
the oculus mundi ftone ftceped in water, lined' 
, ' cloth oiled or varniftied, and many other fubftances 
fojiked in fuch liquors ^s will tntimately pervade 
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their pores, become by that means more tranfparent 
than otherwifej fo, on the contrary, thd mbft tranf- 
parent fubftances may, by evacuating their pores, 
or' feparating their pares, be rendered fufficiendy 
opake, as falts> or ^et paper, or the oculus mundi 
ftonc, by being dried • horn, by being fcraped; 
glafe, by being reduced to powder, or otherwiip . 
flawed; turpentine, by being ftirred about with 
water till they, mix imperfedlly; and water, by be- 
ing formed into many fmall bubbles, either alone 
in the form of froth, or by Ihaking it together with 
oil of turpentine, or fome other convenient liquor 
with which it will not perfedly incorporate. 

The parts of bodies and their interftices muft not c 
be le(s than foihe definite bignefs to render them 
opake and coloured. 

For the opakeft bodies, if their parts be fubtilely d 
divided, as metals^ by being dilTolved in acid men- 
ftruums, &c. become perfcftly tranfparent. And 
it may alfo be remembered, that the black Ipot 
near the point of contaft of the two plates of • 
glals being of fome confiderable breadth, tranf* 
mitted the whole light where the glafles did not 
^bfolutely touch (281, y). And the refleftion at 
the thinneft part of the foap- bubble was fo infenfible 
as to make that part appear intenfely black, by the 
want of refledked light (28(4, i). 

On thefe grounds it is, that water, fait, glafs; e 
ftones, and fuch like fubftances, are tranfparent. For 
on many confiderations they feem to be as full of 
pores or interftices between their parts as other bodies 
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are» but yet their parts and interftices to be too 
fm'all to caufe refleftion in their comihon furfaces. 

s The tranfparent parts of bodies, according to 
their feveral fizes, muft refleft rays of one colour, 
and tranfmit thofe of another, on the fame ground 
that thin plates or bubbles do refleft or tranfmit 
thofe rays. And this appears to be the ground of 
all their colours. , 

G For if a thin body or plate, which, being of an 
even thicknefs, appears all over of one .uniform 
colour, Ihould be flit into threads, or broken into 
fragments of the fame thicknefs with the plate; there 
is no reafon why every thread or fragment Ihould 
not keep its colour, and by confetjuence, why a 
heap of thofe threads or fragments fhould not con- 
ftitute a mafs or powder of the fame colour which 
the plate exhibited before it was broken. And the 
parts of all bodies being like fo many fragments of 
a plate, muft on the fame grounds exhibit the fame 
colours, • 

H Now, that they do fb, will appear by the affinity 
of. their properties. The finely coloured feathers 
of fome birds, and particularly thofe of peacocks 
tails, do in the very fame part of the feather appear 
of feveral colours in feveral pofitions of the eye. 
Likewife the fine-fpiin webs of fome fpiders appear 
colouredi and the fibres of fome filks, by varying 
the poGtion of the eye, do vary their colours. Alfo 
the colours of filks, cloths, . and other fubftances 
which liquids can eafily penetrate, become more 
faint by being wetted, much after the n\anner of the 
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plate of Mufcovy glafs> and rccpvpr their vigour 
• again by being dried. 

The air refleds the blue rays moft plentifully, t 
and muft therefore tranfmit the red, orange, and yel* 
low more copioufly than the other rays. If the light 
of the fetting-fun, by pafling through a long 
tradt of air, be diverted of the more reflexible rays, 
the green, blue indigo, and violet, the/ remainder, \ 
which is tranfmitted, will illuminate t;he weftern 
clouds with an orange colour; and as the Sun fets 
more and more, the traft of air through which the 

M 

rays muft pafs becomes longer, the yellow and 
orange are reflefted, and the clouds grow more 
deeply red, till at length the difappearance of the 
Sun leaves them of a leaden hue by the rcfleftion 
of the blue light from the a^r. A fimilar change of 
colour is obferved on the fnowy tops of the Alps in 
Switzerland, and the fame may be fcen, though 
lefs ftrongly, on the eaftern and weftern fronts l>f 
yjhite buildings; St. Paul's Church at London is a 
good objed of this kind, and is often at fun^let 
tinged with a confidcrable degree of rednefs. 'The 
fame caufe likcwife occafions the Moon in an cclipfc 
to affume a ruddy colour by the light tranfmitted 
through the atmofphere (156, n, 0). 

The parts of bodies, on which their colours de- k 
pend, arc dcnfcr than the medigrn which pervades 
the\r interftices. 

For if they were' not, the variation of colour, h 
arifing fj-om the various obliquities of the incident 
light, (283, E. 285, k) would compound a mixt and 
impcrfeft colour, and nev^r fo vivid ^s experience 
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evinces. But when the parts are much Henfer than 
the ambient medium, this variation is not fo confix- 
derable^ and therefore, the rays which are refleded 
lead obliquely may predominate oyer the reft, to 
much as to caufe a heap of fuch particles to appear 
very intenfcly of their colour. 

M And hence the magnimde of the component 
parts of natural bodies may be conjedured by their 
colours. 

N For, fince the parts of thcfe bodies are of about 
the fame denfity as water or glafs, as by many cir- 
cumftances is obvious to colledb, it is highly pro- 
bable that they exhibit the fame colours with a plate 
of equal thicknefs. That colour being known, the 
thicknefs may be eafily found by the preccdi(ig 
obfcrvations. ^ . 



CHAP. IX. 

OF THE INFLECTIONS OF THE RAYS OF LIGHT WHICH 
PASS IN THE VICINITIES OF BODIES, 

o It is obfervable, that if a beam of the Sun's 
light be let into a dark room through a very fmall 
hole, the (hadows of things in this light will be 
.larger than they ought to be if the rays went on 
by the bodies in ftrait lines, and that thefe Ihadows 
have three parallel fringes, bands, or ranks of colours 
adjacent to them. The principal circuqiftanccs of 
the phenomenon are as follow: 

p If a beam of the Sun's light be admitted into a 
darkened chamber through a hole of the breadth 
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of the (brty-fecond part of an inchy or thereabouts, 
the fhadows of hairs, thread, draws, and other.fmall 
bodies, appear confiderably broa'der than they 
would be if the light pafTed by them in ftralt lines. 
For example i a hair, whofe breadth was the 280th 
part of an inch, being held in this light at the dif- 
t^nce of about twelve feet from the hole, did caft a 
ihadow which, at the diftance of four inches from 
the hair, was the fixtieth part of an inch broad, 
that is, above four times broader than the hair; 
and at the diftance of ten (cct, was the eighdi part 
of an inch broad, that is, thirty-five times broaden 

Nor is the tSc& altered by an alteration in th^ q^ 
denfity of the medium contiguous to the hair, for 
Its ' ihadow at like diftances was equal, whether ip 
was in the open air, or inclofed between two plates 
of wet glafs, care being had that the incidence and 
emergence of the ray was perpendicular to the 
glaffcs. Scratches on the furface or veins in the 
' body of poliflicd glaflcs did alfo caft the like broad 
fhadows. And therefore the great breadth of thefc 
fliadows muft proceed from fome other caufc than 
the ulual refraftion which might arife from any 
a6bion of the ambient medium. 

Let the circle x (fig. 9^) reprefent the middle R 
of the hair; a d o, *b e h, c f i, three rays paffing 
by. one fide of the hair at feveral diftances j k n q^ - 
I, o R, MPS, three other rays pafling by the other 
fide of the hair at the like diftances j d, e, f, and 
N, o, p, the places where the rays are bent ,in 
their paflage by the hair^ c, h, i, and q^, r, s, - 
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the places where the rays fell on a paper, c c^ ; is 
the breadth of the fhadow of the hair caft on the 
paper; and ti, vs, two rays which fall on the 
points I and s, without being at all dcfiefted by the 
a(5lion of the hair. Then it is manife(t> that all the 
rays between t i and v s are bent in paffing by the 
hair, and turned afide from the fhadow i s, becaufe, 
if any part of the light were not bent it would fell 
within the fhadow, and there illuminate the paper, 
contrary to experience. And bccaufc, when the 
paper is at a great diflance from the hair^ the fha- 
dow is broad, and therefore the rays ti and vs 
are at a great diflance from each other, it follows 
that the hair afts upon the fays of light at a con- 
fiderable diflance in their pafling by it. But be- 
caufe the fhadow of the hair is much broader in 
proportion to the diflance of the paper from the. 
hair when the paper is nearer to the hair than when 
it is at a great diflance from it, it is evident that the 
aftion is flronger on the rays whicl^ pafs by at leaft 
diflances, and grows weaker and weaker accord- 
ingly as the rays pafs by at diflances greater and. 
greater, as is reprefented in the fcheme. 
s The fhadows of all bodies in this light are bor- 
dered with three parallel fringes or bands of coloured 
light, of which that contiguous to the fhadow is 

« 

broadefl and mofl luminous, and that mofl remote 
from it is narrowefl, and fo feint as fcarcely to be 
vifible. If the light be received very obliquely on 
ipaper, or any other fmooth white body, the colours 
may be plainly diflinguifhed in this order, vi?. the 
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firii or inncrmoft fringe is violet, and deep blue next 
the fhadow, and then light blue, green and yellow 
in the middle, and red without. The fccond fringe 
is almoft contiguous to the firft, and the third to the 
fecond, aud both are blue within, and yellow and red 
without, but their colours are very faint, efpecially 
riiofe of the third. The colours therefore proceed 
in this order from the Ihadow, violet, indigo, pale 
blue, green, yellow, red; blue, yellow, red; pale 
blue, pale yellow, and red* 

If a larger beam of the Sun's light bevadmitted r 
into a dark chamber, and part of it received on the 
blade of a fharp knife, whofe plane interfeds the 
diredtion of the beam at right angles, while the 
other part is fuffer^d to pals by the edge of the 
knife, and received on a paper at the diftance of 
about three feet; this laft light will appear to (hoot 
out or fend forth two faint luminous ftreams both 
ways into the fhadow, fomewhat like the tails of 
comets. Thefe ftreams being very faint, arc fo 
much obfcured by the light of the principal diredt 
rays, that it is necefl&ry, in order to fee them with 
any degree of diftinftnefs, to let the direft rays pafs 
through a hole in the paper on to a piece of black 
cloth. The light of the ftreams is then perceptible 
on the paper to the diftance of fix or eight inches 
from the Sun's direft light each way> and in all th© 
progrels from that direft light decreafes gradually 
till it becomes infenfible. 

If two knife-blades, with ftrait edges, be fo u 
fixed or fct in a frame, that they may both be 

fituated 
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ficuated in the fame plane, their edges parallel, and 
facing each other, and one of die blades moveable 
towards or from the other by means of a fcrew, fo 
that their parallelifm may be always preferved, a 
beam 'of light v may be fuffered to pafs between 
their edges, and the appearances are the following: 
when the knives are at a confiderable diftance, fo 
that the intromitted beam is broad, the dreams of 
light which ihoot both ways into the (hadow are 
fcarce vilible, for the reafon already mentioned^ 
and the edges of the Ihadows aretiot bordered with 
coloured fringes, they becoming (6 broad that they 
^ run into each* other, and by joining, form one con- 
tinued light or whitenefs at the beginning of the 
ftreams* As the knives approach each other the 
fringes of colour appear on the confine of eac^ 
ihadow, becoming diftindter and larger until they 
vaniih, which happens when the edges are diftant 
fomewhat more than the 400th part of an inch. 
After the fringes have difappcared, the line of light, 
wluch was in the middle between them, grows very 
broad, enlarging itfelf both ways into the ftreams 
of light afore-mentioned; and when the knives are 
diflant above the 400th part of an inch, the light 
partis in the middle, and leaves a Ihadow between 
tlie two parts. And as the knives ftill approach 
each other, the ihadow grows broader, and the 
ftreams fhorter at their inward ends, which are con-» 

tiguous to the (hadow, till upon the contaft of the 

knives 
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knives the whole light vanilhes, leaving its 'place 
to the fhadow *. . 

From thefe and . fbme other experiments of the 
fame tendency, it may be inferred. 

That all bodies ad upon the particles of light v 
attrafting them when within a certain diftance, and 
at greater diftances repelling them; for tjie two 
comet-like ftreams feem to be produced, the one 
by an* attraftive power exerted, by \yhich the lighjC 
is thrown into the (hadow of the knife, and the 
other by a repulfion, by which it is turned towards 
the contrary part or region. 

That thefe adtions are ftronger on thofe raysw 
which pafs nearer the body than on thofe which 
pafs at greater diftances: confequently thofe rays 
which were parallel before their arrival in the vici- 
nity of the body being varioufly deflefted, muft, 
after pafling, diverge from each other; and, at the 
limit or diftance at which attraftion ceafes, and 
repulGon. begins, there miift be a place at which the 
paffing rays being very little affefted by the aSion 
of the body, will proceed parallel, as before their 
arrival in its vicinity. 

That this limitation or diftance may differ in x 
rays of differei^t colours, and caufe the appearance 

• The experiments of Newton on the infle(5lion of light 
are few, and imperfe£):« Thofe who have followed him ia 
this delicate and highly important department of Natural 
Philofophy, have done little more than add fome infulated h^$ 
to thofe obferved by him. The law followed by. the powers 
that infiedl light, and the limits of its a^ion, are yet unknown. 

of 
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of fringes: for, if the limit be lefs in the vidlct 
rays than in the red rays, the parallel rays of tho 
violet colour will form a fringe, which ihall be 
nearer the (hadow of the body than that which is 
formed by the parallel rays of the red colour : aind 
fo of the intermediate colours will be formed inter- 
mediate fringes. It muft, however, be confefled, 
that this fuppofition does not account for the repe* 
tition of the fame colour at different diftances. 



CHAP. X. 

dr THE POWERS By WHICH BODIES REFLECT dft 
REFRACT THE RAYS OF LIOHT« 

1r The rcfleftion of light is not caufcd by its im- 
pinging or ftriking on the folid parts of bodies. / 

2 This will appear by the following confiderations^ 
Firft, That in the paflage of light out of glafs into 
air, there is a reSedlion as flrong as in its paflage 
put of air. into glafs, or rather a little ftrongcr, and 

> by many degrees ftrongcr than in its pafl&ge out of 
glafs into water. And it feems not probable, that 
air fhould have more reflefting parts than water or 
glals. But if that (hould poflibly be fuppofed, 

A yet it will avail nothings fot the refleftion is as 
ftrong, or ftronger, when the air is drawn iway from 
the glals, as when it is adjacent to it. Secondly, if 
light in its paflage out of glafs into air be incident 
more obliquely (270, a) than at an angle of 40 or 

41 
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4 1 degrees, it is wholly rcflefted; if lefs obliquely^ 
it is in a great mcafure tranfmittcd. Now, it is not 
to be imagined that light, at one degree of obli- 
quity, ftiould meet with pores enough in the air to 
tranfmit the greater part of it, and at another degree 
of obliquity, fliould meet with nothing but parts to 
refle6t it wholly ; efpecially confidering that in its 
paflage out of air intbglafs, how oblique foeveir 
be its incidence, it finds pores enough in the ^lals 
to tranfmit the greateft part of it. If any one fup- 
pofe that it is not reflefted by the air, but by the 
outmoft fuperficial parts of the glafs, there is ftill 
the fame difficulty : befides, that fuch a fuppofition 
is unintelligible, and will alfo appear to be falfe, 
by applying water behind fome part of the glafs 
inllead of air. For fo in a convenient obliquity of 
the rays, fuppofe of 45 or 46 degrees, at which they 
are all reflefted where the air is adjacent to, the 
glafs, they (hall be in great meafure tranfmitted 
where the water is adjacent to itj which argues 
that their refieftion depends on the conftitution of 
the air and water behind the glafs, and not in the 
ftriking of. the rays upon the parts of the. glals* 
Thirdly,' If the colours made by a prifm placed at 

the entrance of a beam of light into a darkened 
room be fucceffively caft on a fecond prifm (271, c) 
placed at a diftancc from the former, in fuch . man- 
ner that they are all alike incident upon it, the fecond 
prifm may be fo inclined to the incident rays, that 
thofe which are of a bluQ colour fhall be all re- 
flefted by it, and yet thofe of a red colour pretty 
Vol. I. X copiouQy 
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copioufly tranfmitted. Now, if the rcSedion be- 
caufed by the parts of air or glafi, it may be de- 
manded wjiy, at the fame obliquity of incidence, 
the blue Ihould wholly impinge on thofe parts, fo 
as to be all rcfleftcd, and yet the red find pores 
enough to be in great meafurc tranfmitted. Fourth- 
ly, Where two glaflcs touch one another there is no* 
fenlible reflexion (281, y)^ and yet no reafon can 
be given why the rays Ihould not impinge on the 
parts of the glafs as much when contiguous to 
other glals as when contiguous to air. Fifthly, 
When the top of a foap water bubWe, by the con- 
tinual fubiiding and exhaling of the water, becomes 
very thin, there is fuch a litdc and almoft infen- 
fibte quantity of light reflcftcd from it, that it 
appears intenfcly black (1284, ^)> whereas, round 
about that black Ipot, where the water is thicker, 
die refieftion is fb ftrohg as to make the water 
fcem very white. Nor is it only at the leaft thick- 
neis of thin plates or bubbles, that there is no 
manifeft refleftion, but at many other thickne£fes 
continually greater and greater. For we have feen 
that the rays of the fame colour are by turns 
tranfmitted at one thickncls, and reflefted at an- 
other thicknefs for an indeterminate number of 
fucceflions. And yet, in the fujicrficies of the 
thin body, where it is of any one thicknefs, there 
are as many parts for the rays to ' impinge on as 
where it is of any odier thicknefs. Sixthly, If 
refledion were caufed by the parts of reflcfting 
bodies, it would be impofiiUe for thin plates or 

bubbles 
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bubbles at the fame' place to reflet the rays of 

one colour^ and tranfmit thole' of another. For it 

is not to be imagined^ that at one place the rays 

which^ for ^ inftance^ exhibit a blue colour^' fhould 

accidentally ftrike upon the parts^ and thoie which 

exhibit a red upon the pores, of the bodyj and then 

at another place, where the body is either a little ' 

thicker or a little thinner, that on the contrary, the 

blue fhould hit upoh its pores, and the red upon its 

parts. Laftlyj^ Were the rays of light reflefted by ifli- c 

pinging on the folid parts of bodies, their refle<5tions 

from polilhed bodies could not be *fo regular as they 

are. For in polifhing glafs with fand, putty, ot 

tripoly, it is not to be imagined that thofe fub- 

ftances can, by graring and fretting the glafe, bring 

all its lead particles to an accurate poliQi, fo that 

all their furfaccs (hall be truly plane or truly fphe- 

rical, and look all the fame way, fo as together to 

compofe one even furface. The fmaller the par-' 

tides of thofe fubftanccs are, the fmaller will be 

the fcratches by which they continually fret and 

wear away the glafs until it be polifhed; but be 

they ever fo fmall, they can wear away the glafs no 

othcrwife than by grating and fcratching it, and 

breaking the protuberances, and therefore polifli it 

no othcrwife 'than by bringing its rouglinefs to a 

very fine grain, fo that the fcratches and frettings 

of the furface become too fmall to be vifible. And 

therefore, if light were reflefted by impinging upon 

the folid parts of the glafs, it would be fcattered 

as much and as irregularly by the moft polilhed 

X 2 glaG 
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glafs as by the rougheft. So that it remains a pro* 
blem, how glafs polilhed by fretting fubftances can 
reflc6t light fo regularly as it docs. And this problem 
is fcarce othcrwife to be folvcd than by faying, that 
the refledtion of a ray is efFeded not by a fingle 
point of the reflcfting body, but by fome power 

r 

of the body which is evenly difFufed all over its 
furface, and by which it afts upon the ray without 
immediate contadt : for that the parts of bodies do 
aft upon light at a diftance, has already been 
fhewn (301, T, u). 

Now, if light be reflefted, not by impinging 
on the folid parts of bodies, but by fome other 
principle, it is probable that as many of its rays as 
impinge on the folid parts of bodies are not re- 
fiefted, but ftifled or loft in the bodies. For 
otherwife, we muft allow two forts of refleftions. 
Should all the rays be reflefted which impinge on 
the folid parts of clear water or cryftal, thofe fub- 
ftances • would rather have a cloudy colour than a 
clear tranfparency. To make bodies look black 
in all pofitions, it is neceffary thai many rays be 
flopped, retained, and loft in them; and it is 
difficult to conceive that any rays can be ftopt 
and ftifled in them which do not impinge on their' 
parts. 
B Bodies refled and refraft light by one and the 
fame power, varibufly exercifed in various circum- 
ftances. ^ 

This appears by fcveral confiderations. Firft, 

Bfcaufe when light goes out. of glafs into air as 

obliquely 
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obliquely as it can poflibly do, if its incidence be 
made ftill nlore obHque, it becomes totally reflefted 
(270, a). For the pqwer of the glafs, after it has 
refrafted 'the light as obliquely as is poffible, if the 
incidence be ftill made more oblique, becomes too 
ftrong to let any of its rays go through, and by 
confequcnce caufes total refleftion. Secondly, Be- 
caufe light is alternately reflefted and tranfmitted 
by thin plates of glafs for many fucceffions (285, l) 
accordingly as the thicknefs of the plate incfeafcs in 
aq arithmetical progreflion. For here the thicknefs 
pf the. glafs determines whether that power by which 
glafs afts upon light (hall caufe it to be refledtcd, 
or fufFer it to be tranfmitted. And thirdly, Becaule 
thofe furfaces of tranfparcnt bodies which have the 
greateft refrafling power do alfo refleft the greateft 
quantity of light (292, b, c). 

The power by which bodies refleft and rcfraft F 
light, is the fame as was (hewn to be common to all 
bodies, and the caufe of the infleftion of the rays 
of light pa(ring in their vicinities (303, u). For 
we muft admit no more caufes than are true, and 
fufficient to explain the phenomena (6, i). Such 
a caufe is this j its exiftence being proved, and its 
adequacy to the explanation of the refleftion and 
refradlion of light eafy to be (hewn. 
'. Let CD, (% 85) reprefent the furface of a o 
tranfparcnt body a, contiguous either to a vacuum 
B, or other medium po(re(ring a lefs power of refleft- 
ing or refracting the rays of light. Let e f repre- 
fent an imaginary furface 'at fuch a diftance from 

X3 CD 
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CD as to be lituated at the limit of attradioD, 
(jojj w) that is to fzj, the ipace between e f and 
c D is th^it in which^ if a ray of light pals, it will* 
be attra6ted by the denie body a^ and on the other 
jide towards b^ near the line £ f^ a ray of light will 
be repelled. 

H Suppofe now GH to be a ray of light pafllng 
within the rare medium b» obliquely towards the 
lur&ce c D, and let the line or part k h denote its 
velocity. This -modon may (23, t) be refolved 
into Ki parallel^ and ih perpenflicular to cd. 
The attraftion or repulfion exerted by the nearcft 
parts of the body a (and the other parts may be 
neglciSlcd) or by thofe in the furface c d, muft be 
alTumed to ad: in the perpendicular to that fur^ 
face, becaufe no reafon can be given why it fliould 

' a6b towards one fide more than anodier. It will 
therefore alter only the modon i h without affedt- 
ing K I. When the light approaches bf it will be 
• repelled ; and if the force of repulfion in arriving 
at E f be greater than would generate the momen- 
tum I H, this laft motion will be entirely deftroyed 
before the light can arrive at the imaginary fur- 
face. The adtion of the repulfion, after It has 
deftroyed i h, will, whatever may be its law, pro- 
duce an equal velocity in the oppofite diredion. 
Confequcndy the ray will defcribe a modon com- 
pounded of H I and I L (equal to k i) and in the 
fame direftion -, that is, it will pais through the line 
H L, making the angle of refleftion i h l equal to 
the angle of incidence i h k (a6», v)* 

4 Again, 
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Again, fuppofe m n to be a ray of light paffing i 
within the rare niedium b, which either by the 
more (fired; courfe towards the furfece pr otherwife 
has the perpendicular part o n of its motion too 
great to be dcftroyed by the repulfion experienced 
in approaching ef. It will pafs that Imaginary 
furface, fuffering only a diminution of its velocity 
eftimated in the perpendicular o n. While it goes 
forward towards c d, its velocity in the pcrpendi- 
cular will be conrinually augmented by the attrac- 
tive force; and if the whole accelerating force ex- 
ceed die whole retarding force, as in this ^cafe ex- 
perience fhews it does, the light will enter/ and 
proceed in the denfe body widi a velocity in die 
perpendicular <ls, greater than it had before in 
o Ki the parallel velocity p o or s r ftill continu- 
ing Ae fame. The ray Q.T wiU for this reafon 
make a kfs angle s oji with die perpendicular ' 
than before, inftead of continuing in die line n'uj 
that is, it will be refrafted' towards die perpendi- 
cular by entering die denfe body (262, a). 

Again, fuppofe .v^Y to be a ray of light paffing k 
within die denfe body a, obliquely towards the 
fur&ce CD. Refolve the motion reprefented by 
y w into Y X and X w, die firft parallel, and the lat- 
ter perpendicular to c d. The ray will pafs out of 
the denfe body into. die fpace between ef and cdj' 
where, if the force of attr^on towards c d on ^ 
ray- during its paflage to ef be greater dian the 
momentum xw in die contrary direftion, tins laft 
motion will be entirely dcftroyed before the light 

' X 4 can 
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can ^arrive at the imaginary furface. Whence it 
folIows» that for reafons fimilar to thofe ^fed in 
Ipeaking of the ray o h (310, h), the ray vw will 
be again returned towards c D, with a velocity equal 
and contrary to x w, which, together with x z, the 
continuation of the uniform and unaltered velocity 
Y X, will compound the aftual motion w z, making 
the angle of refleftion x w z equal to the anglcv of 
incidence xwV (26a, y). 

Laftly, fuppofe t q^ to be a ray of light palling 
within the denfe body a, which either by the more 
dircft courfc towards the furface, or^otherwife, has 
the perpendicular part s q^ of its motion too great 
to be deftroyed by the attraftion experienced in its 
paffage to e f. It will pafs that imaginary fur&ce, 
fuffering only a diminution of its velocity eftimated 
in the perpendicular s q^ When it has gone be- 
yond E F, its velocity in the perpendicular will be 
continually augmented by the repulfive force ; and 
if the whole accelerating force be lefs than the whole 
retarding force, as in this cafe experience fhews it is, 
the light will enter, and proceed in, the rare me- 
dium with a velocity in the perpendicular n o, lefs 
than it had before in s cl; the parallel velocity r s 
or OP ftill continuing the fame. The ray n p will 
for this reafpn make a greater angle on p with the 
perpendicular than before; that is, it will.be re- 
frafted from the perpendicular by entering the rare 
medium (262, z, a). 
M From thefe confiderations it is deduced alfo, 
. that the rays of light are not rcfra£ted or reilefted 

all 
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all at once, but in rcfraftion bent into a curve 
by the a<5lion of the body, fo as to enter the furfacc 
of any medium more or Icfs diredly than they other- 
wife would have done, if its dcnfity had conti- 
nued the fame through the whole courfe of the 
rays. And in - rcfleftion, that the forqe afting ia 
the dirfftion of the perpendicular to the furfacc 
of a body, docs not deftroy the motion of the 
ray all at once, but bends it back in a curve. 
Which force, when it has deftrdyed that part of 
the motion of the ray which tended perpendicularly 
towards the. common furface of the adjacent me- 
diums, muft reflect the ray with an equal angle 
and degree of velocity on the oppolite fide of the 
perpendicular to the point of incidence, or vertex 
of the curve. This is evident from what has al- n 
ready been, faid on the compofition and refolutidn 
of motion (23, t), and may, perhaps, without 
entering into, particular explanations, be more rea- 
dily qonceivcd by attending to the itiotions of bodies 
projedlcd • obliquely from the Earth's furface; for 
liere the afcending or perpendicular part of the mo- 
tion i^^ gradually deftroy ed by the continually aft- 
ing force, and a new, fimilar, and equal motion is 
generated ia the contrary direftion, which, ab- 
ftrading the effeft of the air's refiftance, caufes 
the body to fall under an equal angle, and with the 
fame velocity. 

If the forces of bodies upon the particles of o 
light be fuppofed to aft equally after the ratio of 
the mafles of the particles, the ra;^s will be all 

equally 
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equally rcfradcd or rcfleftcd, however difierenc 
p. their malles, provided their velocities be equaL 
If the fame law of the forces be iiippoied> and the 
velocities of the particles be various, thofe which 
move with leis velocities will fufier a greater dc- 
fle£ti(Hi than thofe which move with greater velo- 
cirics. The varying refrangibility and refiexibility 
of the rays of light muft arife either from the va- 
rious velocities of the particles themfelves, or from 
the addon of bodies on the pardcles being ftrongcr 
on ibme than on others, after the ratio of their 
Q^ mafles. If the various velocities were the caufe> the 
mo(His of Jupiter, after being eclipfed, oi^ht to 
appear illuminated with a variety of colours, ia 
fucceffion, as the velocities of their conftituent 
rays caufcd them rcfpeftively to arrive at the eye 
of the obferver: and when light is diiperfed, by 
refiraAion, into its component colours, the quan* 
tity of this difperfion oi^t in every medium 
to be equal at equal itiean refradions c^ the 
whole ray: both which are contrary to expenence. 
R Whence it fi)llows> in order to produce die va- 
riety of refraftion or reflexion which happens in 
the ieveral rays of light, bodies muft a6t on fome 
of the particles of light more ftrongly dian upon 
others, after the ratio of their mafles. 
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Of Optics. 



CHAP. I. 

CONCERNING THE REFLECTION AND REFRAC- 
TION OF LIGHT BY SURFACES REGULARLY 
FORMED. 

Before the difcoveries of Sir Ifaac Newton a 
had fhcwn the compofition of white light, the 
fcicncc of optics confifted of propofitions in which 
the rays of light were always fuppofcd to be equally 
refrangible or rcflexible. And, indeed, though 
the difperfion of light, when refradled into its 
component colours, is the greateft obftacle to the 
perfeftion of the inftruments now made; yet on 
moft occafions, with relpeft to vifion, we may re- 
gard a ray of white light as ftill continuing white, 
even after refraftion. por the colours of the Ipec- 
trum into which it is dilated, are fo near each 
other, -'When 'the incidence is near the perpendicu- 
lar, that to fenfe they form a white very little dif- 
fering from that of the incident ray. But in ftrift* b 
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nefs, the general principles of optics are true only 
of any fingle kind of rayi. 

c That' bodies are vifible only by means of the 
light which they emit or reflcft, is too' evident to 
need any particular proofi and that every pomt 
of an illuminated furface emits the rays of light 
in all direftions, is clear from the . vifibility of the 
furface, to an eye in any pofition whatfoever: for 
if any part or fenfible point of the furface did not 
emit light in a fuppofed or given diredlion, that 
point, to an eye placed in that direftion, muft be 
invifible. But this efFeft never happens. 

D , The rays which proceed from a point are necef- 
farily divergent, but if they fall on a refleding 
or refrafting furface, they will be fcattered in fuch 
direftions as the conftruftion of the furface pro- 

£ duces. If the furface be properly formed, the 
whole beam of rays may proceed, after refledion 
or rcfraftion, either diverging from fome other 
point, or parallel, or converging to a point. 

F When the rays which are c^mitted or proceed 
from any point arc confidercd, that point is called 

G the radiant point ; when the rays which proceed to 
any point are confidered, that point is called the 

H focxis; and when the rays which proceed frpm a 
whole furface or objeft, are confidercd, t^e body 
of rays which is emitted from any one point, or 
as much of it as is applied to ufe, is called a pencil 
of rays. 

I Since a pencil of rays emanating from any 
given point of fpace, is the means by which the 
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fight afTures us^ that a body exifts at or in that 
pointy it is plain that we are liable to deception 
in that refpeft: for if the pencil be fo afFc6bed, 
either by reflcdlion or refraftion, as to proceed 
with a different divergency or direftion, that is, 
in the fame manner as it would have proceeded if 
emitted from fome other point of fpace, the fenfe 
will refer the place of the objedt to the point 
which is in the direftion of the laft courfe of the 
rays (263, c). 

Thus, if M R (fig, 86) reprefent the feftion of k 
a plane mirror, and o b an objeft, then the pen- 
cils o c and b d being refleftcd at c and d, will 
proceed to the eye at e, ' in the fame manner as if 
emitted from points fituated at i and m, and the 
fame happening to the pencils which are emitted 
from the intermediate points between o and b, the 
fenfe will refer the place of the objcft to \ m. The 
fame happens by refradbion, as is clear from the 
confideration of fig. 73. (263, e). 

If a pencil of rays be rendered convergent, fo l 
as to meet and crofs eac1i other ^n a point, they will 
afterwards diverge, and the fenfe will refer the 
place of the radiant point or, ohjeft to the focus 
of the convergent rays, from which the divergence 
was laft made j and that rays of any fort may be 
rendered thus convergent, either by reflcftion or 
refraftion, is eafily fliewn. 

Suppofe.R (fig. 87) to be a point, in any il- m 
Juminated or luminous , objeft, which emits a pen- 
cil confifting of feven rays of light, r a, r b, r c, 
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It Di R E> R Fj R o ; let the ray R A be received on 
a ff>eculuin> fo placed as to refle6t it through the 
point s: let another ipeculucn be adapted to re- 
ceive aqd reflefb r b alio through s ; and^ in like 
manner, let the other rays be reflected through the 
ikine point; and the pomt s will become a radiant 
point, by means of the divergent rays, and will 
zScd: the fenfe in the fame manner as if the rays 
ailually flowed from a body placed there. If 
the fpcculums be fuppofed to touch each other, 
they will form a polygonal concavity. Suppofe 
now the number of rays, inftead of feven, to be 
infinite; then the adapted refleAing fur&ce ag, 
inftead of polygonal, muft become curve, by rea- 
fon of the infinite number of fides. The fame 
reafoning may be applied to rays, which, inftead 
of being emitted from a pqint, or diverging, fall on 
the reflcfting furface, either converging to a 
point, or parallel to each other. It is therefore 
poflible to conftruft a fuperficies that ftiall refleft 

' into a focus the rays of light, which, either by 
converging or diverging, are direfted either to or 
fi-om any particular point. 

N Upon the fame principles may be conftroAed 
ipeculums, which ftiall caufe" the rays, after reflec- 
tion, to diverge from any given point behind the 

o reflcfting fur&ce. Thofe fpeculums, which caufe 
the rays to become more divergent muft be convex^ 
and thofe which caufe them to become more con- 
vergent muft be concave, as may eafily be ima- 
gined. 

The 



BURNING RBFLECTO&S, ^i^ 

The celebrated Archimedesi at the ficge of Sy- p 
racufe, is faid to have deftroyed the (hips of Mar- 
cellusj. by a machine compofed of fpeoilums* 
Since a plane fpeculum, in theory, reflefts all the 
light which is incident upon it, under the fame 
affections with which it was incident $ the rays of 
the Suh> which, as coming from a vaftly diflant 
objeft, may be efteemed paraUel, will be refle6ted 
parallel to each other; and confequendy will heat 
and illuminate any fubftance on which they fall 
after refleftion^ in the fame manner as if the Sua 
ihone dircdly upon it. Two fpeculums, which 
reflect the Sun's light on the fame fubftance, will 
heat it twice as much as the Sun's dire£t light. 
Three will, in like circumftances, heat it three., 
times as much. And, by increafing the number 
of fpeculums, a prodigious degree of heat may be 
produced; more than fufficient to confume and de« 
ftroy any inflammable fubftance. 

Though a plane fpeculum in theory is fuppofed (t, 
to rcflcd all the light which falls upon it, yet in 
praftice almoft half the light is Ic^, on account 
of the inaccuracy of the polifh, and the want of 
perfccSt opacity in the fubftance of the mirror; 
on which accounts it happens that a coniiderable 
part of the light is fcattered in all dire6tions9 
and another part is abforbed by the body. The R 
indcfadgabk BufFon, in the year i747> was the 
firft of the moderns who conftruded a burning 
machine of this kind. It confifted of i68 quick- 
filvered glaifes or fpecula, each & inches long and 

6 broad. 
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6 broad, fo contrived, that the focal diftance might 
be varied, and aifo the number of glafles, as oc- 
cafions required. In the month of March, 1747^ 
with 40 glafles he burnt a plank, at the diftance of 
about 70 feet. 

s If a body of rays, which either proceeds paral- 
lel, or, by converging or diverging, refpefls a 
given point, fall on the interccdent furface of two 
mediums of different refrafting powers, the rays 
may be fo refrafted, if the furface be rightly formed, 
as to proceed parallel, or to converge to, or to 
diverge from, fome other point. 

T Let the polygonal furface a b c d e f g (fig. 88) 
reprefent the furface intercedent between two me- 
diums, the. rarer being fituated on the fide towards 
R, and the denfer towards s; and let a pencil, 
compofed. of feven rays, r a, r b, r c , r D, re, 

« 

R F, R G, be incident, each ray on a different plane, 
as reprefented in the figure. Suppofe the ray r a 
to be received on the furface at a, with an angle 
of incidence that correfponds to the angle of re- 
fraftion which dcflefts the ray to the point s. And 
fuppofe the ray a b to be received lefs obliquely, 
or at a certain lefs angle of incidence; its angle of 
refraftion will alfo be lefs, and it will proceed to 
s. And let a fimilar adjuftment of the planes at 
c, D, &c. be fiypofed, and the other rays will be 
refrafled to the fame point. Or if s be fuppofed 
the radiant point, the mediums being as before, 
u the focus will be at r. It is therefore plain, that 
rays proceeding out of a rare into a denfc medium 

are 
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are rendered more convergent by a convex furface^ 
and rays, proceeding out of a denfe into a rare 
medium, are rendered more convergent by a con- 
cave furface; and the contrary. Let the pencil 
confift of an infinite number of rays, and the 
polygonal furfece, adapted to rcfraft it to a point, 
will, by reafon of the infinite number of its fides, 
become a curve. The fame argument may be 
applied to rays that are either convergent or 
parallel at their incidence on the refrafting furface. 
Confequendy, the intercedent furface of two me- 
diums may be fo formed as to refraft into a focus,* 
or render parallel, or divergent thofe rays, which, 
at their incidence^ are either parallel, or do, by 
converging or diverging, refpedl any particular 
point. , 

From the eftabliflied laws of 'reflcftion and re- v 
fradlion, it is not difficult to inveftigate the nature 
of the curves, into which the before-mentioned 
furfaces ought to be formed. But as the errors w 
that arife from the ufe of fpherical furfaces arc 
very fmall, and may be remedied by other means, 
and thq mechanical or praftical conftruftion of the 
required curves is very difficult, the parts of x>p- 
tical inftruments are commonly formed fpherical. 
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CHAP. II. 

OF DIOPTRICS; OR THE REGULAR REFRACTION 

OF LIGHT, 

X Glass being a medium denfer and more re« 
fradling than the air, is ufed to make the tranipa* 
rent parts of optical inftruments which are con- 
ftrufted to aft by the principle of refraftion. ^ 
piece of glafs properly figured for tjiat purpofe is 
called a lens, and is diftinguifhed by the nature of 
its furfaces: thus a (fig. 89) is a plano-convex, B a 
double convex, c a plano-concave, d a double con* 
cave, and e a convex-concave* 

y The two firft lenfes, a and b, nearly refemblc 
each other in their properties; for they refraft con- 
verging or parallel rays to a point or focus, and 
refraift diverging rays, fo as either to make them 
meet in a fbcqs or proceed lefi divergent than be- 

z fore. If A B (fig, 71) reprefent a double convey 
lens, ^and r a radiant pbint, then the rays which 
fall on the lens will be refrafted to f, if the lens 

A be of the rcquifite convexity. For the rays that 
fall on the convex furface a c o are rendered more 
convergent; and are made to converge ftill more 
by falling on the concave furface adb (J20, u). j 

The two following lenfes, c and d (fig. 89), are .; 
referred to one fpecies, on account of the rcfem- f\ 
blance of their properties; for they render the in- 
cident rays more divergent than before, and there- 
fore 
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fore caufe diverging or parallel rays to diverge frotn 
an imaginary or virtual focus, and rcfraft con-» * 
verging rays, fo as either to make them diverge 
from an imaginary focus, or proceed left conver- 
gent than before. If ab (fig. 91) reprcfent a b 
double concave lens, and r a radiant, point, then 
the rays which fall 'on the lens will be rendered 
more divergent, and will proceed as if they had 
proceeded from the point f, which is called the 
virtual focus. The fifth lens e refembles a and c 
B, if its convexity be deeper, or a , portion of a 
lefs fphere than its^ concavity : but if the con- 
cavity be deepeft, its properties refemble> thofc of 
c and D. ' 

In the four firft lenfes, the changes made in the d 
courfe of the rays are more confiderable the more 
the furfaces are curved; but in the laftthe changes 
are more confiderable, the more the curvities of the 
jtwo furfaces differ from each other. 

A right line, as rf (fig. 90) paffing . through £ 
the center of any lens, and perpendicular to 
both its furfaces, is called the axis of the lens. 
The focus of rays that refpeft the axis, cither by 
falling parallel to it, or diverging frohi or converg- 
ing to a point fituated in it, ^is found in the axis, 
and is called the principal focus. 

A right line drawn from the point of convergence f 
or divergence of any pencil of rays incident on a 
lens, through the center of the lens, will pals 
through the focus of that pencij, if the point of 

Y 2. convergenco; 
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convergence or divergence be not fituatcd far from 
the axis. 

'- The rays of light which diverge from the focus 
after pafling through a lens, will occafion the fcnfc 
to refer to. that point, as if x)ccupied by a lucid 

, objeft (316, 1); the focus, therefore, may be faid 
to be the pidbure or image of the radiant point- 
And as a furface may be conceived to be com- 
pofed of an indefinite number of radiant points, 
the like, number of focal points will appear, and 
confequently a furface will be formed that will be 

H the image of the radiant. furface. Let o b (fig. 92) 
reprefent an objeft, and l n a double convex lens; 
-from o and b through c the center, draw the - lines 
o c I and b c m, and the foci of the points o and 
B will be found at i and m in thofe lines {^i^j f), 
more or lefs diftant from c, as the ciirvity of the 
furfaces of the glafs is lefs or greater. The foci 
of the radiant points fituated between o and b will 
be found between i and m, by the fame pr6cefs. 
Confeijuendy an ipiage will be there fornied, refem- 
bling the objeft, from each point of which rays 
of light will diverge in the fame manner as from 
a real objeft; and its pofition, by reafon that the 
rays crofs at c,*' will be inverted, or contrary to 

1 the objeft itfelf, as appears by the figure. And 
becaufe the triangles o c b and i c m are fimilar, 
the linear magnitudes of the image and the objedl 
be to each other refpedively as their diftances from 
the lensj for> 

As 
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As the fide c o, or diftance of the object from 
. the lens, 
. Is to the fide o b, or length of the objeft, 

So is the fide c r, or diftance of the image. 

To the fide i m, or length of the image. 

Again, let ou (fig. 93) reprefeht an objeft, ic 
and LN a double concave lens; dra\5i o c and b c, 
and the virtual foci of the points o and b will . be 
found at i and m in thofe lines (^z^i^y p) n^ore or 
lefs diftant from c, as the qurvity of the furfaccs 
of the glals is kfs or greater. The intermediate 
poihts of the objedt will have their intermediate 
foci between i and m, and the pofitiori of die image 
' will be ereft as well as the objeft. And becaufe l 
the triangles o c b and i c m are fimilar, the linear 
magnitudes' of .the objeft and image will be as 
their diftances from tfi!e lens. 

Hence it may be eafily conceived, how conv'ex m 
lenfes become burning-glaflTes. For as the objedt 
and image, if viewed from the center of the lens 
fubtend the fame angle, and the Sun is feen under 
an angle of about half a degree, we may readily 
find the denfity of the ray? which form its image 
in the focus of any lens. B'or example, if* a lens, n 
four inches broad, coUeft the Sun's rays into a 
focus, at the diftance of one foot, or twelve inches, , 
the image will not be more than -^^ of an inch 
broad. The furface of this litde circle, there- 
fore, will be 1-600 times lefs than the furface of 
the lens, and confequendy the Sun's light muft 
be fo many times denfer within that circle. No 

Y 3 wonder. 
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wonder, then, that it burns with a degree of 
violence and ardor fiir exceeding that of any cu- 
linary fire. 

If a paper or white fubftance be held in the 
focus, of a convex lens, the fcveral foci of the ra- 
diant points of objedbs fituated on 'the other fide 
of the lens will illuminate as many points on the 
paper; which illuminated points agreeing in rekr 
tive fituatipn, intenfity, and colour with thofe of the 
objefts themfelves, will depid an exaft and lively 
perfpeftive view of the fame, though by realoQ 
of the croffing of the rays, it wjll be inverted. 
But this phenomenon is fcarcely to l?e feen, if any 
Kght be permitted to fall on the paper befidcs 
that which paiTes through the lens; for which 
purpofe the lens may be fixed in the window- 
ihutter of a darkened chamber, as jve fhall hav(; 
occafion to remark in future^ 
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CHAP. IIL 

r ' 

OF THE EyBi AND OF VISION. 

If the conftruftion of the univerfe were not fo P 
evident a pfoof of the exiftence of a fupremely wife 
and benevolent Creator, as to render partiefllar ar- 
guments unneccffary, (162, a) the ftrufture of the 
eye might be offered as one, by no means of the leaih 
This inftance, among numberlefs others, demon- 
ftrating that the bcft performances of art are infi- 
nitely fhort of thofe which are continually produced 
by the divine mechanic. 

Though the apparatus, by which the eye is (i^ 
preferved and kept in a ftate proper for the quick 
morion and accurate direftion towards the pbjeft 
to be viewed, is well worth attention and. remark j 
yet, as it does not immediately come under our 
notice as illuftrative of the principles of optics, we 
(hall confider only the globe of the eye, or organ 
by which vifion is performed. 

, The eye is compofed of feveral tunics or inte- r 
guments, one whhin the other, and is filled with- 
in with tranfparent humors of different refraftive 
denfiries. The external tunic called the fclerotica, 
is white on the anterior part, except a circular por- 
tion immediately in front, which, is tranfparent, 
and more convex than the reft of the eye: this 
tranfparent part is called the cornea. Immediately 
adherent to the fclerotica within, is the choroides, 

Y 4^ or 
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or uvcji, which, at the circumference of the cornea, 
becomes the iris, being expanded over great part 
of its furface, though not contiguous to it. The 
iris is compofed of two kinds of mufcular fibres; 
the one fort tend like the radii of a circle towards 
its center, and the others form a number of con- 
centric circles round the fame center. The central 
part ofrthe iris is perforated, and the orifice, which 
i3 called the pupil, is of no co/iftant magnitudes 
for;, when a very luminous objed is viewed, the 
circular fibres of the iris contraft, and diminifli its 
orifice i and on the other hand, when objefts are 
dark and obfcure, the radial fibres of the iris con-s 
trad, and enlarge the pupil fo as to admit a greater 

. quantity of light into the eye. The iris is varioufly 
coloured in different perfons, but according to np 
certain rule : in general, they whofe hair and com- 
pletion are light coloured, have the iris blue or 
greyi and on th^ contrary, thofe whofe hair and 
complexion are dark> have-the iris of a deep brown. 
But what fpecific difference this may occafion in 
the fenfe, or whether any at all, is not difcoverable. 
Within the uvea is another membrane, which at 
the circumference of the cornea becomes fibrous, 
and is called the ligamentum ciliare. This liga.- 
ment is attached to the circumference of a double 
convex lens, whofe axis correfponds with the center 
^ of the pupil ^ and which, by means of the fibres, 
can be altered in a fmall degree in pofition, and 
perhaps in figure. The lens is termed the cryftal- 
line humor; and is included in a Very ftrong and 

tranf- 
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tranfparent nxembrane, called the arachnoidcs. 
Between the cryftallinc humor and the cornea is 
contained a clear tranfparent fluid, called the aque- 
ous humor; and between the cryftallinc humor 
and the pofterior part or bottom of the eye is in^ 
duded another clear tranfparent fluid, which JS 
termed the vitreous humor. The refraftive denlity 
of the cryfl:alline is greater than thofe of the hu* 
mors that furround it. On the fide next to the 
nofe a, nerve is inferted in the bottom of each eye, 
about twenty-five degrees fi-om the axis of the 
cryftallipe, which, after entering the eye, is fpre^ 
into an exceeding fine coat of network, termed the 
retina. Laftly; a very black mucus or flime is 
Ipread over all the internal parts of the eye, that 
are not tranfparent, except the anterior part of the 
iris, which, as before obferved, is coloured. 

In the figure, the three concentric circles abc 
(fig. 94) reprefent the coats of the eye. The 
external coat, or fclerotica, is tranfparent, and more 
convex between a and b, a k b being the cornea.. 
The fecond tunic, or uvea is fibrous between d 
and I, and between g and h, and is there called the 
iris; the hole i h is thq^ pupil. ■ The third coat be- 
comes fibrous between d and e, and between o and 
F, being there called the ligamentum ciliarcj and' 
is attached to the circumference of the lens or 
cryftallinc humour ef. The cavity or chamber 
AEFB is filled with the aqueous humor, and the 
chamber d n c f e is filled with the vitreous humor. 
At N is inferted the optic nerve, the expanfion of 

which. 
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which^ over the internal furface d n Gj is the 
retina. ' 

T The manner in which the eye afts upon the 
rays of light may be thus explained. Let o l re- 
prcfcnt an objeft, and fuppofe a pencil of. light to 
proceed from o, and enter the eye; then, becauie 
the cornea is a -convex concave lens, whofe con* 

' vexity is greateft, (322^ c) the rays will be rendered 
more convergent in paffing through it; and if the 
cryftalline be properly formed, they will be re- 
frafted by it into a focus at c on the retina. The 
feme will happen to the pencil which proceeds 
from L, whofe focus will be m; and the foci of 
the^ intermediate points will be between m and c: 
confequently an inverted pifture or image will be 
formed on the retina, and fenfation be produced 
by the adion of the light on the expanfion of the 
optic nerve, which from thence is conveyed to the 

V fenforium. And that the parts of the eye are adapted 
to produce fuch an image, appears likewifc from 
experiment: for if the tunica fclerotica be care- 
fully taken away from the back of the eye of any 
animal, th^ inverted pidure of external objefts 
may be feen on the thin membranes which remain. 
Neither is the inverfion of the image any obftacle 
to the mind's ^conceiving that the objeft is ereft; 
for a focus at m may be confidered as the indica- 
tion of the^exillence of a rs^liant point at l, and a 
focus at c may indicate the exiftencc of a radiant 
point at oj and fo of others, the mirid contem- 

V plating the objeft itfel^ and not the image; bcfidcs 

which. 



ACTIOK OF SBEIlfO EXPLAINED. 33 1 

which, we have notions rclpcfting pofition that 
arc not derived from the fight> whence we judge 
whether a wail is perpendicular or a plane levbl, 
&c. Thcfe notions are ^derived from a perception 
of the direftion in which gravity conftantly afts; 
to which direftion we always refer. Whence it 
happens, that though the pofition of the eye be ever 
fo much changed, the idea of tlie pofition of objefts 
in view remains unaltered. For example 5 if an w 
obferver view an upright pole or ftalF, the image 
of the pole on the retina will be in a line at right 
angles to the opening of the eyelids, provided he 
holds his head upright; but if he Vary the pofition 
pf his head, the image will be formed iii a difitrent 
pofition, and upon a different part of the retina: 
notwithftanding which, he conftantly imagines the 
pole to be ereft and unaltered. 

Becaufe the foci of rays that differ in divergence x 
are found at (Kffferent diftances from the lens, thofe 
which diverge Icfs coming to a focus Iboner than 
thofe which diverge more, it is neceflary that the 
eye fhould be adapted fo as to aft upon the rays 
that arrive from points at various diftances, and 
to bring them to a focus upon the retina. The 
natural ftrufture of the eye is fuch, that parallel 
rays have their focus on the redna; and when the 
proximity of any objeft caufes its rays to fall with 
a greater divergency, the pupil of the eye contrafts 
and excludes the moft divergent rays, at the fame 
time that the tryftalline is .brought forward, ancf 
perhaps rendered more convex by means of the 

ligaitientum 
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ligamentum ciliare, by which provifioris the focus 
y Hill falls on the retina. This adjuftment of the 
eyt to the diftances of objefts gives the reafon why 
we cannot view a near and a difttot objeft at the 
fame time; for, if a hair be held at a few inches 
diftance between the eye and a remote objeft, fup- 
pofc a tree at half a mile diftance, the tree will 
appc,ar confufcd and indiftinft when the attention 
is fixed on the hair, and the fame will be the cafe 
with the hair when the attention is fixed on the 
diftant tree. 
z There are fome eyes naturally fo defeflive, that 
they cannot efFeft this adjuftment. Thofe which 
are replete with humors have the cornea and 
cryftalline too convex, fo that . the pencils come 
to their foci before their . arrival at the retina, 
where they fall in fmall circular fpaces inftead of 
points, and by their interference render the iipage 
confufed-.v on the other hand, if the humors be 
deficient in quantity, the cornea and cryftalline are 
too flat, and the pencils of rays not being fuffi- 
ciently refrafted, arrive, at the rdina before their 
union in their foci; whence arifes the fame confii- 
fion in the imagd as in the former cafe. They whofe 
eyes are imperfect in the firft manner are called 
myopes, from their . winking or clofing their eye-t 
lids, but more <:ommonly near-fighted, becaufe they 
fee very near objefts diftinftly, the divergency of 
the rays caufing their foci to fall on the retina. 
They whofe eyes are too flat are called prefbytas, 
, becaufe the imperfection of the fight of old men; 

being 
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being occafioned by a decay of the humors^ is ge- 
nerally of this kind% Both thefc imperfeftions may 
in a great mcafure be remedied by the ufe of pror 
per Ipedlaclcs. Since the rays converge too ibon 
in the eyes, of myopes, it is plain that a concave 
kns intcrpofed between the objeft and the eye will 
caufe the rays to fall more divergent, and confe- 
quently wilF prevent their converging to a focus 
before their arrival at the retina. And the rays 
may be made to converge fooncr in the eyes of 
prefbytae, by means of convex fpedacles, fo that 
they, being already convergent when they enter the 
eye, will be fufficiendy refradled by the cornea and 
cryftalline to have their focus on the retina, and 
caufe diftinft vifion. 

, Thefc imperfedions are much more frequently a 
the confequenccs of habit than is generally ima- 
gined. Studious men are generally near-fighted, 
"whereas failors, fportfmen, and others, who are ufed\ 
to fix their attention on remote^ objefts, are more 
fubjiifl to the contrary defeft. The eyes of old men 
I have another defeft, namely, rigidity, or a want of 
the power of adjuftment, fo that it often happens 
that they require concaves for diftant and convex 
lenfps for'near objefts, being capable only of feeing 
objeds diftinftly with the naked eye that are at 
a moderate dillance. Every one Ihould avoid the 
ufe of fpeftacles as much as poflible. For, though / 
they render vifion more diftindt, yet, they never 
fail to increafe the defedt of the eye, fo as in time 

' - to 
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to render it altnofl: itnpoffible to fee without them 
with any degree of diftindneis. . 

The eyes of various animals are acconamodated 
with great (kill to the exigencies of their fituations. 
In fifhes the cornea is almoft flat, that it may be 
no obftacle to their fpeed in the water, but this 
b compcnfatcd by the cryftalline, which is fpherical, 
and therefore adapted^to perform the whole necef- 
fary refraftion of the rays. And in cats and fomc 
other animals that prey in the dark, the pupil of the 
eye is fo variable as to admit more than an hun* 
dred times the quantity of light at one time than 
another. 'The human eye admits more than ten 
times the quantity of light at one time than at 
another, and perhaps the differences may be much 
greater in very dark places: it is not improbable 
but that the iris may be then almoft entirely drawn 
tack, and the pupil expanded to the whole furfacc 
of the cornea* 
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c s A P. ly. 

OF REFRACTING MICROSCOPES; OR THE DIOPTRIC 
INSTRUMENTSj BY MEANS OF WHICH SMALL 
AND NEAR OBJECTS ARE MAGNIFIED. 

Th e apparent ipagnitude of any objeft is mca- c 
furcd by the angle under which it is viewed by 
the eye; confequendy the apparent magnitudes of 
two or more objeAs may be the fame, or may 
dif&r in any proportion, let their real magnitudes 
* be what they will. Thus, the apparent magnitudes 
of c D, F G, and h i (fig. 95) are equal when view- 
ed by the eye at e, becaufe they are ieen under the 
£ime angle, though their real magnitudes are very 
diSerent: and . the apparent magnitude of a b is 
greater than thofe of the former three, becaufe it 
fubtends a greater angle, though its real magnitude 
is equal to that of c d, and lefs than thofe of f o 
and H I. 

The image of any objcft^pn the retina will be b 
greater or kls in proportion to its apparent mag- 
nitude, and therefore the fame objedt is feen more 
enlarged and diftinft the nearer it is brought to 
the eye, provided its diftance be fufEciently great 
for the rays to fall nearly parallel on the pupil: at - 
lefs diftances it continues to be enlarged, but is. 
confufcd. The leaft diftance is about fix inches. 
The eye can juft: diftinguifti objeds that fubtend 
in angle of half a ^ minute of a degree, in which 
8 cafe 
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caic the image on die redna is lels than the 
part of an inch broadj . and the ohjcSt, fuppoling 
it fix mches diftant^ about the x^Vs- p^^t of an inch 
broad. ' And all fmaller otjefts are invifible to the 
naked eye* 

z The inftruments by which thofe fmaller otgefts 
are rendered vifible are called microfcopes, and are 
conftrufted in two different methods. The one is, 
by the interpofition of a convex lens, between the 
objeft and the eye, to render it diftinft at a lefe dif- 
tance than fix inches, by which means its apparent 
magnitude increaies as the diftance is diminiflied: 
and the other is, by placing the object fb with re- 
fpc£k to a convex lens that its focal image may be 
much greater than itfelf, and contcmplaring that 
image inftead of the objeft. The firft arc called 
fimple or fingle microfcopes, and the latter com- 

, pound or double. 

Let EY (fig. ^6) reprefent the eye, and ob a 
fmall objeft fituated very near, fo that the angle of 
its apparent magnitude o c b may be large. Then 
its image on the redna im will alfo be large; but 
becaufe the pencils of rays are too divergent to be 
coUefted into their foci on the retina, it will be 
very confufed and indiftinft. Let the convex lens 
K s (fig. 97 ) be interpofed, fo that the diftance 
between it and the objedt may be equal to the focal 
length at which parallel rays would unite, and the 
rays which diverge from the objeft and pafs through 
the lens will afterwards proceed, and confequent)y 
enter the eye, parallel: they will therefore unite, 

. and 
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and form a diftin£t image on the retina^ apd the 
objeft will be clearly fcen, thoi%h if removed to 
the diftance of fix inches, its fmallneis would ren- 
der it invifible. And (ince the apparent magnitudes o 
of objeds that fubtend fmall angles are nearly in 
the inverfe proportion of their diftances, if the real 
magnitudes be equals the proportion in which the 
objeft is magnified will be as fix inches to its dif- 
tance from the eye. Whence it foUows^ that th^ 
mod convex lenfes^ having the Ihortefl: focal diftance 
of parallelrajfi, muft magnify the moft; for they 
permit the objefl: to approach nearer the eye than 
thofe do which are flatter. When the lens is not h 
held clofe to the eycj the objed is amplified fome« 
what mores becaufe the pencils, which pafs at a 
diilance from the center of the lens, are refi'afked 
inwards toward the as^is, and confequently feem to 
come , from points more remote front the center of 
the objefb, as may be feen in fig. 981 where the 
pencils which are emitted from o and Vi% are refracted 
inwards, and feem to come from the points i and tru 

A drop of water is a microfcope of this kipd, by t 
reafon of its convex fur£ice; for, if a fmall hole be 
made in a plate of metal, or other thin fubflance, 
and carefully filled with a drop of water, fmall 
objefts may be feen through it very diftinft, and 
much magnified. But there are foiiie difficuldes in 
the management of thefe, which fmall glafTes are 
free from, and therefore they are not moch^ufed. 
In faft^ cheapnefs is their principal recommenda* * 
lion. 

Vol. I. 2 The 
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K The compound microfcope, by means of which 
the image is contemplated inftead of the objeft, is 
of two kinds> the folar and the common double 

L microfcope. The folar microfcope is thus con- 
ftrufted: let ac (fig. 99) reprefcnt the fide of a 
darkened chamber, r l n a convex lensj fixed oppo-» 
lite a perforation in a c, o b a fmaU ot^dt^ and 
p Q^a white fcrcen placed within the chamber oppo- 
fite to the legS} then, if the obje£t be placed at a 
due diftahcc from the lens, the pencil of light Which 
proceeds from the point o will converge to a focus! 
on the fcreen at r, and the pencil which proceeds 
from the point b will converge to a focus at m, and 
the intermediate points of the 6b^& will be -de- 
picted between i and m, forming a piifture whidi 
will be as much larger than the objeft in pDopor- 
tion as the'diftance of the fcreen exceeds that of the 
image from the lens (3^4, 1). This is the prin-» 
ciple on which^^he inftrument a£b, but it is ufual 
to add otbeaiyjxdiary parts as a lens or fpeculum to 
illuminate the objed by converging the Sun's light 
upon it, &c. which cannot, with fufiicient brevity, 
be here enlarged upon. The folar microfcope is 
by &r the moft pleafing in its elFeds, and leaft 
offenfive to the eyes of any in ufe. ^ 
M In the common double microfcope the image is 
contemplated inftead of the objedt, being viewed 
trough a fingle lens in the fame manner as the ob^ 
je6k in a fingle microfcope. Thus, 
N Let LN (fig. 1 00) repr^fent a double convcic 
lens, and o b a fmall objedb^ fo applij^d, that the 

' pencils 



pencils of rays \^hidi emerge from % and paft 
through the lens, may Converge to theif xrc<p€<ftivc 
foci, and form an inverted image af i m. This 
image wffl be as much larger than the objeft in pro- 
portion as its diflance exceeds that of the ol^'eft 
fiom the lens (324, i), and, if k be vicived 
through the lens i^ g, ^ill again be magnifted upon 
the principle of the Angle microlcope (336, f) in 
proportion as its diftance from the eye is kfs than 
fix inches; the image formed by the firft lens, which 
is called the ofejcft-glafs, ferving inftead of an ob-^ 
jeft for the fecond, et eye-glafs. But it is to be o 
noted, that the image formed in the Ibcus df a 
lens differs from the real objefl in a vtry cJfiehtial 
partictil^ri that is to fay> the light being emittecf 
fibm'the oh]t&, in every dircftion, renders itvifibte 
to an 'eye placed in any pofitioo, but the^ poim& 
of the image fcxmed by a lens or nhirror emitting* 
no more than a fmall conical body of rays, which- 
arrives from the gfefs, can be vifibte "otdj when 
the eye is fituated within its confine. Thus, the F 
pencil which is emitted from b in the objed, and 
is made to converge by the lens to m, proceeds 
afterwaTds diverging towards h, and therefore never 
arrives at the lens f g, nor enters the eye at e. But 
the pencils that proceed from the points o and b 
will be received on the lens fg, and by it carried, 
parallel, to the eye i confequcntly the corrcfpondent 
points of the image i and m will be vifible, and 
thofc which ^e fituate farther out towards i and m 

Z a ^ win 
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<2^wtll not be feen. This quandty of the image i M, 
or vifible area^ is called the field of view. 

R Hence it appears, that/ if the image i m be large, 
a very fmall part of it will be vifible, becauf^^thc 
pencils of rays will for the moft part fall without 
the eyc*gWs f c. J^ttd it is Ukewife plain, that a 
remedy which would caufe the pencils, diat pro* 
ceed from the extremes o and b of the objeft, to 
arrive at the, eye will render a greater part of it vi- 
fible I or, in other words, enlarge the field of view, 

s This is efife^^ed by the interpofition of a broad lens 
D E (fig* loi) of a proper curvature at a fmall dif- 
tance from the focal image.. For, by that means 
thje pencil hm, which would otherwife have pro- 
ceeded towards h, is refi:a£ted to the eye, as deli- 
floated in the figure, and the mind conceives from 
thence exiftence of a radiant point at p, from which 
the rays laft proceeded (316, i). In the £une 
manner, the other extreme of the image is feen at 
9^, and the intermediate points are alio rendered 

t vifible. On thefe coofiderationis it is, that com- 
poittid portable ' microfcopes are ufually made to 
confift of an obje£b lens, l n, by which the image 
is 'formed, enlarged, and inverted, an amplifying 
lens, D E, by which the field of view is enlairged, 
and an eye-glafs or lens, by means of which the 
eye is allowed to approach very near, and confe* 
quendy to view the image under a very great angle 
of apparent magnitude \ 



• The aberration of the refraAcd rays from the true focuf^ 
which arifcs frcm the fpherical figure of the lens, D t, the prif. 
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Tlie tnagic lanthora is a microfcope upon the v 
iame principles as the fblar xnicrofcope» and may bes 
ufed with gobd eflFeft for magnifying fmall cranio 
parent olje£bs; buc in general k is applied to the 
purpofe of amufementy by cafting the Ipecies or 
image of a fmall tranfpanent painting on glafs upon 
a white wall or fcreen, at the focal diftance from the 
inftrument After what has already been faid^ it 
will be eafy to underftand the following defcripdon 
of its component parts. 

In the infide of a box or landiorn W placed r~ 
^e candle or lamp c (fig. 102) whofe- light 
pafles through the plano-convex lens n n^ and 
ftrongly illuminates the objeffc o b^ which is a tran(^ 
jparent painting on glals> inverted and moveable 
before k n, by means of a Aiding piece in which 
the glafs is fet or fixed. This illumination is 'ftill 
more increafed by the reflexion of Ught from a 
concave mirror^ s Sj placed at the other end of the 
box, that caufes the light to fall upon the lens 
jfs N, as reprefented in the figure. Laflly, a lens 
L L| fixed in a Aiding tube^ is brought to the requi*- 
fite diftanee -from the objeft o b> and a large erect 
inuige I M iS formed upon the oppofite wail, 

matie coioors that are' feparated rttf muck, and the Joft 
pf light by refleflion, whtch is moft confiderable when the 
xefraAion is greateft« are ^e caufes why in the beft dojuble 
microfcopes three or more lenfes arf fubftituted inftead of 
(he fipgle amplifying lensy d i^ 
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« 

OF RE Fit ACTING TJEI.ESCOPCS ; OR THB i)lOPTRIC 
IVSTRUMCNTS, BV MEANS OF WHICH REMOTE 
08J£CTS AR£ RENDEREP ^ARGB AND DISTINCT 
TO THE riEW. 

w As the microfcopc is calculated to obviate the 

defciSls of vifion with regard to objeftst whofe . 
, angles, of .apparent magnitude are too foiall for 
light (m account of the ibialln&& of the objeifbs 
th^mfelves, fo telefcopcs are adapted to • improve . 
the fcrife with rcfpeft to objefts, whofe angles c^ 
, apparent magnitude are too fmall for fight by rea- 
fon of their remotenefs qr diftance. The inten*' 
(ion of both indruments is the fanve^ namely^ to 
incre'&fe xhac apgle, and> by confequenccs the tele- 
fcope difiers, very litde from the compound micro-f 
fcopCf except in fome prticulars of convenience. .. ' 
5C Let L N (fig. 103) reprcfcnt a convex lens, and 
p B a diftant objcft; then the ^ncils of rays will be 
coileded into their refpcclive foci, and form the 
inverted image i m, to which the eye, by means of 
the lens jl e^ may approach fo near as to view it 
very large and diftin^. This is the common aftro^ 
j>oiTiical telcfcope. 
y Bur, as it is inconvenient to view objefts on the 
earth inverted, there are ufu^lly contrivance ian- 
pexed to the telefcope by which the image becomes 
erefl: as well »s the objeft. The limplcft of ihefc 

IS 
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h the following^ where a concave is iubftituted ia* 
ftead o^ the convex eye-gla& 

Let L^ (Bg. 104) reprefent the « objciSfc-glais z 
as before, and o B a diftant obje^. Then the 
pencils from the relpe£tive points of the objeft 
would converge to their foci, and form die in- 
verted image i m, if the kns b e were not inter- 
pofed.. But the lens e e being a double concave, 
occallons the rays to diverge more than before; 
ib that the rays which are emitted from b in the "* 
objed, inftead of converging to m, are' made to 
proceed parallel towards h. For the fame reafpn 
<he fays from o are made to proceed parallel- to- 
wards K; the intermediate 'pencils being aflfeded 
in the fame manner. Now, fincc parallel rays caufo 
iliftin£t vifion, it is plain, that an eye placed in the 
pencil H, will conceive it to be emitted from fome 
point, fuppofe m, fituated in the lad direftion of 
the rays, and the image of b will be feen at m. 
By the fame argument, the image of o will be feen 
at ij by an eye fituated at k, and the like for the 
intermediate points. Therefore, an image will be 
feen at i m, ereft or fimilarly fitaated with the objedt 
itfdf. 

This telefcope reprefents objeAs very bright and a 
clear, and as much magnified as the other does, 
bqt is Uiipleafant in its ufe, on account of the 
contraded field vof viQ.w. For the pencils, being 
rendered divergent with refpcft to each other, pals 
moflly on one or the other fide, without entering 
the pupil of the eye, and therefore a very fmall 
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part of the image can be feen at once: thus, if 
the eye be at r^ it will view the point m, and if 
it be moved towards k, it will lee m fucceffion all 
the parts of the image towards i: but, as the pupil 
of the eye is not broad enough to receive the pen- 
cils H and K at the fame time, the points m and i 
cannot be feen at once. The larger the pupil and 
the nearer it is placed to the eye-glafs> the more 
pencils enter the eyeat'once. Confcquently the 
field of view is largeft under thefe gir^«j|n^nces> . 
and in all other cafes lefs. 

B By the addition of two eye*glafl[es to the aftrono- 
mical telefcope, it is adapted to terreftrial otgefh^ 
the field of vi^w remsdning the fapie. Thus, the 
lens FF (fig. 105) which is fimil^r to £ Ej being 
placed at twice the focal di(bnce for parallel ray$ 
from £ £, receives the pencils of parallel rays after 
they have crofied fach other at x, and forms an 

, image at i m, fimilar and equal fo x m, but co.n^ 
trary in .pofition» or crt&i which laft image is 
viewed by the lens c o. This is the common tele* 
feope, and though, by r^aibn of the number of 
lenfes, it does not reprefent objeds fo bright as the 
, foregoing, yet, its ample field of view makes it 



SDUch more pleafuig and ufeful 






f'The eye piece of telefcopet is ufually filled up with five 
or more lenfes, for reafons fimilar to thofe mentioned in the 
BOtCf on page 340. Their diibmcea are often adjuftcd in 
fach a flEumner that they magnify the firft image i m on th^ 
coB^amt microfcope principte. 

The 
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The ochalauons which continually arife from the c 
Earth, render Ac mr Icfs tran^ent, (293) elpe- 
cially near the Earth, where the mixture is lefs 
complete, and therefore the ccjeftial bodies arc 
fccn much more obfcure When in the horizon than 
when at any confiderabjc elevation; ifbr in the firft 
cafe, they are viewed through that part of the 
atpiiofi^ere which is contiguous to the furface of the 
Earth, and in the latter through a part which is 
at a greater diftancc. But this obfcurity is die 
leaft part of the inconvenience. The rifing exha- d 
lations have a kind of undulatingj motion, like 
that of fmoke or fteam, fo that objefts fccn through 
them appear to have a tremulous or dancing mo- 
tion, which is fcnfible even to the naked eye, if 
idiftant bbjefts be viewed in a hot fummer's day. 
JJcnce alio the ftars twinkle, and the ihadow of 
Jpfty . buildings have a jtremulous motion. In te- 1' 
Jcfcopcs this effcdt is ftill more perceptible, info., 
niucji as to rcnjder tjiem intirely ufclefs, for terret 
Itrial objefts, when they augpient the apparent mag- 
pitude more than eighQr pmes*. But when objefts 
Jn the heavens are yiepred at any confiderabfc alti- 
pide, inftruments piay he ufed which magnify^many 
jthpufapds of tiimes^ 

• TTiat accurate and enlightened iftronomcr, Alexander 
Aubert, Efq. obienrf9« that diis undulation is the greateft 
when the telefcope It not placed in the open iiir^ but within a 
foom. For the temperature of the room beinfir feldom cor* 
reij^ndent with that which obtains abroad, there is almoft 
always a con^dera)>le undulation produced at the window 
wbrrc the ftreamt of hot and cold air znix. lierfchel ufes his 
telelcopcs in the Open m. 

From 
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34^ oPACiT^r OF THE air; ' 

w FrcHn this want of traofparency m the atmolpbere 
arifes that gradual diminution in the Kght of ob« 

^ jcAs^ which painters call the aerial perfpedive; for, 
if the air were perfectly traniparent> an ob^e£t 
would be equally luminous at all diftances^ be- 
caufe the vifible area and the denlity of light de- 
creafe in the^ fame proportion^ namely^ as the fquare 

c of the diftance. It is from this gradual diminu* 
tion of lights together with the angle of apparent 
magnitude, that we eftimate diftances; and becauie 
the cekftial bodies, when near the horizon, are 
more obfcure, &r the reafon urged above C345, f)^ 
though their refpedive apparent magnitudes remain 
unaltered, or in a fmall degree diminifhed, we 

' adopt the notion of their being aAually larger at 

H that Ume. Thus, likewife, men ieen through a 

^ mift appear gigantic, the obfcurity caufing us to 
imagine diem more diftant than they really are. 

I But, in the cafe of the heavenly bodies, there is 
^tfUKfaer circumftance that tends to deceive us in 
our judgment of the diftance: we conceive the Iky 
to be a concave dome; and as the clouds towards 
the horizon are evidendy more diftant than thofe 
near the zenith, we imagine the horizontal radius 

K to be much' longer than the vertical. From this 
notion we regulate our ideas with regard to the dif^ 
tance of the heavenly' bodies, at difierent aldtudess 
which diftance, we fiippofe to be greater than they 
are nearer the horizon, and we are confequently 
led to imagine, that they are larger at that time* 

By 



By the folar microfcope and magic lantborn, l 
' we have ieen that the ipecies of near obje£ts may 
be caft on a fcreen in a darkened chamber. The 
camera obfcura has the fame relation to the tele- 
lcope> as the folar microfcope has td the common 
double microfcope^ and is thus conftrufled. 

Let c D (fig. 106) reprefent a darkened cham- m 
bei: perforated at l, where a convex Ijcns is fixed, 
the curvity of which is itich, that the focus of 
parallel rays fall upon the oppofite wall. Then, 
if A B be an obje^S: at fuch a diilance, that the 
rays which procej^d from any given point of its 
furface' to the lens l, may be efteemed parallel, aQ 
Inverted pldure will be formed on the oppofite 
walli For the pencil which proceeds from a will 
converge to a,' and the pencil which proceeds from 
B, will cbnverge to b, and the intermediate pointg 
of the objed wiU be depicted between a and bu 
This is one of the moft pleafing and delightful e3t<- 
periments in optics, and never fails to ftrike the . 
beholder with furprife and admiration. Its only 
defcdk is the iftyertcd po&ion of the jrifture, which 
may be remedied by feveral methods. But as 
they all tend to make the image kfs lively, th^ 
^re icidom ufed» ^ 
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CHAP. VI. 

C7 THt IMPERFECTIONS OF TELESCOPES^ ANQ 
THEIR REMEDIES S ^ND OF THE ACHROMATIC 
TELESCOPE^ 

IT Since the conllruflion of a teleibope confifts 
in nothing more than viewing, by means of a 
micrpfcope or eye-glafsj the image which ia form- 
ed in the focus of the objeft-glafi; it may ieem 
eafy to make a teleicope with a given obje£fc*gla&) 
that Ihall magnify; in any aflignable degree* For^ 
if the eye*glafs be rendered more and more eoiv- 
vtx, the eye may be permitted to approach nearer 
and nearer to the image, and coniequently to view 
it under an angle of apparent magnitud^e that (hall 
be greater and greater, as required. But this si 

o unattainable on two ieveral accounts. The fWft. 
is, that i^erical furfaces,do not refra£k the rays 
of light accurately to a point, as has akeady 
beed obferved; and ihe fepond and moft con^ 

p (bquential is, that the rays of compounded lights 
" being differendy refrangible, come to their re^ 
l(>e&ive foci at different diftances from the glais, 
the more refrangible rays converging Iqoner thaq 
thofe which ari^ lefs refrangible. This is evident 
from what has already been faid on that fubje£t, 

Q^and is likewife confirmed by experiment ^ for a 
paper, painted intenfely red, and properly iUumi* 

natc4» 
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natedy will caft its fpecies, by means of a 
lens, on a (creen at a greater diftance dian will 
another blue paper by the fame lens in like cir- 
cumftances. And here It may be noted^ that the 
lens proper for this experiment muft be very flat> 
or a portion of the (lirface of a large fphere. 
HenCe the Ipccies or image of a white objcdl may 
be faid to confift of an indefinite number of co- a 
loured images, the, violet being neareft^ and the 
red fartheft from the lensj and the images of inter- 
mediate colours at intermediate diftances. The^ 
a^regate^ or image itfelf^ muft therefore be in 
ibme degree confufed, and this confiifion, being 
very much increafed by the magnifying power, or 
eye-glaiS) renders it neceflfary to ulc an eye-glafs 
of a certain limited convexity to a given objedt- 
glals. . For which reafon, if it be required to con* s 
ftniiSt a telefcope that fhall magnify objeds in a 
greater degree than a given telefcope, the objeft- 
glais, muft be lefs convex, and of .conlequence its 
focal diftance longer. Thus an obje£t*gIa(s of 4 t 
feet focal length will bear ap eye-gla(s of about ijl 
inch focus, and will magnify objeAs in length or 
diameter 40 dmes: orie of 25 feet focal length 
will bear an eye-glafs of 3 inches focus, and mag* 
nifies lop times; and one of 100 feet will bear an 
eye^glafs of fix inches, and magnifies aoo times. 
It is alfo neceflary to limit the aperture of the ob- u 
jeA-glafs, to exclude thofe rays which are incident 
at too great diftances from the center; for thofe, 
being more refraAcd, are more particularly fub* 

jea. 
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jc(5t to the irregularities which arile, either from 
the figure of tl\e glafs or the unequal refra^on of 
light. The diameter of the admires of objedf 
lenfesj of equal goodnefs> fliould be as the fquare 
roots of their focal lengths. 

y The great inconvenience and difficulty of ma- 
naging the longer telefcopes, occafioned the phi- 
Ic^phic world to fix their thoughts upon the 
means of converging the cays of light without fe- 
parating them into their component dolours. The 
expedients for that purpofe were firft perfected by 

wSir Ifaac Newton and Mr. DoUond. The focal 
image in the telefcope of Sir Ifaac Newton is formed 
by refiedtion from fpeculums or mirrors, and be** 
ing therefore free from the irregular convergence 
of the varxcAJS rays of lights wiU admit of a much 
hrger apercurej and bear the application of a verf- 

X g^eat magnifying power. The difficuldes whidi 
attend thb inflrument, are the tarmfhing of the 
^oictaUine fpecolums, and the very great accuracy^ 
required in giving them the true figure, for aa 
error in a^refledling furface afFeds the dire£lbn 
of the rays much more than a like error in a re^ 

Y fra£tii^ furface. Yet this telefcope is> notwith-i 

z ftan^gt the befl in ufe. Mr. DoUond's inven-^ 
tion confiils in the ufe of a compound obje£l:*gla6,' 
which is ufusdly termed achromatic, or colour* 
kfs» from its property; and the principal imper- 
fcfiion in the pradtice, is the difficulty of pro- 
curing glafs that ihall be uniformly of the fame 
refraftiyc dcnfity. AS; we are now fpeaking q£ 

dioptrics^ 
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dioptrics, it will be more regular to defcribc tRc 
achromatic tekfcope firft, and refer the other to 
its place, where we fhall explain the properties of 
inftruments that aft on the principle of reflection. , 

Becaufe the component rays of light differ a 
from each other in refrangibility, they arc fepa- 
rated from each other by refraftion, and be- 
caufe they arc all refrafted fo as to preferve a 
conftant ratio between the fines of the angles of 
incidence and Tefraftion, that feparation muft be 
greateft when the whole beam of light is moft dc- 
flefted from its courfc. From hence opticians have 
concluded, and there is a pafTage in Sir Ifaac < 
Newton's * optics, that feems to confirm the opi- 
nion, that prifitns, which defleft the whole beam 
of light equally out of its courfe at like incidences, 
will, however different their refraftive denficies, 
cccafion aHb an equal feparation or divergency of 
"^ the compdnent rays: or in other words, that if 
. the emergent refrafted light from the furface of a 
given prifm be immediately received on the fur- 
face of a fecond prifm> which (hall refraft it equal- 
ly in the cohtrary direftion, fo that at its emer- 
gence, it (hall proceed parallel to the firft incident 
beam, this laft emergent light will continue white, 
however different the matter of the fecond prifm 
may be from that of the firft. But this Mr. Dol- b 
lond has (hewn to be ill-founded, for, by his ex- 
periments it appears, that the different kinds of 

* Book I. Part 2. Experiment VIIL 

glafs 
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^h& differ extremely inodi reipcA to die divei^nqr 
of colours produced by equal refraftions. He 
found that two prUinsy one of white, flmtrgl^i 
tvhoie refrafling angle was about 25 degrees, and 
another of crown-glafs^ Whofe refraAing angle was 
about 29 degrees, refra&ed the beam of lig^ near- 
ly alike, but that^ the divergency of colour in the 
white- flint was confiderably more than in the crown- 
glafs; fo that, when lAty were applied together, 
to refra£t contrary ways, and a beam of light tranf- 
mittcd through them, though the emergent con- 
tinued parallel to the incident part, it was, not« 
withftanding, ieparated into compoaent colours. 
Whence he inferred, that^ in order to render the 
emergent beam white, it is necefiary that the re- 
fradling: angle of the prifn\ of crown-glais^fhould 
t)e increafed; and by i;epeated experiments, he 
difcovered the exaft quantity. But this colourleis 
emergent light was not thco, by reafba of the in- 
creafed angle of the prifm of crown-glafs, paral- 
lel to the incident ray, but was refrafted towards 
' . . . ■ 

the bafe of the laft mentioned prifm.* . .^ 

c By theie means he obtained a theory, in which 
rtefraftion was performed without any feparadon or 
divei^ency of colour, and which it was not dif- 
ficult to apply in the conlh-uftion of the objeft- 
D glaflcs of ,telefcopes. Let abed (fig. 107) re- 
prelcnt a double concave lens of white fiiht-glafs, 
and A G D F a double concave of crown-glafs; then 
the parts of the lenfes which are on the fame fide 
of the common axis, namely, a c b and a f g, .may 

be 
6 
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be conceived to afl: lilcc two prifms, which refraft 
contrary ways> and if the excels of refraftion in the 
crown-glafs a f o be fuch as precifcly to deftroy 
the divergency of colour caufcd by the flint-gla(s 
A c B, the incident ray s h will be refrafted to^ x, 
without any production of colour^ The fame is 
alfo true of the ray s h, and of all the other inci- 
dent rays, and confequently the whole focal image 
formed , by * this compound objcft-glafs will be 
achromatic, or free from colour which might arife 
from rcfraftion. It will therefore bear a larger 
aperture, and greater magnif)ang power, and of • 
courfe enlarge objefts much more, than a cgmmon 
refrafting tclefcope of the fariie length. 

It iis more convenient on feveral accounts to s 
combine three lenfes together, one double concave 

of flint-glafs between two convexes of different kinds 

> 

of crown-glafs; and the glalTes may bie fo adjufted 
to each other, as not only to form a focal image 
without the ppfmatic colours, but alfo free: from 
the dcfefls which in other lenfes arife from; their 
fpherlcal figure. 

The greateft impediment to the conftruftion 6f 
large achromatic telcfcopes, as has betta obferved, 
(350, z) is the want of a flint-glafs of an uniform 
refrafting dcnfity. Fortunately for DoUond, this 
kind of glafs was procurable, when he began to 
make achromatic telefcopes, though the attempts 

Vol. I. A a of 
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of many ingenious chemifts have fincc been cxeftcd 
to m^^kc it, without much fuccefs *. 



C H A P. VIL » 

. OF CATOPTRICS, OR THE REGULAR REFLXCTIOM OF 

LIGHT i AND OF THE REFLECTING TELESCOPE, , ♦ 

c It has been fhewn, (3 17, m) Aat a furfacc may 
be Gonftruaed that Ihall refled the rays of a given 
pencil of light, fo as to make them cither converge jf 
tQ a point, diverge from a point, or proceed paral- 
lel to each other. This fur&ce may be either 
plane or curved. 

H A plane mirror rcflefls a pencil of light under 
the fame circumftances as it was incident; diat is 
to iay, if a pencil, which emanates from a given 
point, be incident on the mirror, it is rcfleftedfo, 
that its rays proceed with the lame divergency 
from another poii\^ whofe diftance behind the 
mirror is equal to the diftance of the radiant point 

* The auth<^ has been itiforxned, that the glafs employed 
by DoUond in the fabrication of his beft telefcopej, was aU 
of the fame melting, eft*' made at one time; and that, ex- 
cepting this panicalar tpeafore, cafually dbtaiaed, good 
idjcnfe glafs for achromatic purpofes was always as difficult 
to be procured as it is now. 

S before 
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before the mirror from the place of incidence: 
and if the pencils of rays, which emanate from a 
g^ven furface, be inciddit on the mirror, they will 
be reflcdcd fo as to preferve the fame inclinations 
to each other as before, and therefore will appear 
to proceed from a- furface, whoft magnitucje and 
<ltflance behind the mirror are exadlly equal to thofe 
of the radiant furface (317, k). Hence it ky that 
plane mirrors reflect the fpecies of objeds, which 
are equal, like, and fimilar in pofmon^ with the 
objeds themfelves. 

Concave mirrors, render the pencife of rays, i 
which arc incident .upon them, oj^ore convergent, 
and convex mirrors render them- more divergcnf, 
(318, o). If the mirrors be regularly formed, 
according to the proper curvci the convergent or 
divergent light of any pencil after refledion will 
rcipeft fome particular point of fpaee. 

A portion of a fphere, whofc breadth is about k 
fifteen degrees, differs very litde from the curve 
furface, by which parallel rays would be made by • 
refleftion to converge to, or diverge from, a poirit. 
It is therefore in many cafes ufcd. for that purpofcjf 
as being much eafier to conftruft. 

There is a great refemblance between the pro- u 
perties of convex lenfcs and concave mirrors, and 
between the properties of concave lerifes and con- 
Vex mirrors. Convex lenfes and concave mirrors m 
form an inverted focal image of any remote object 
by the convergence of the pencils of rays : concave n 
lenfcs and convex mirrors do, in general, form an - 

A a 2 credl 
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ercft image in the virtual focus, by the diver* 

o gcncc of the pencils of rays. In thofe inftru« 

inent8> whofc perfornianccs arc the cfFcfts of re- 

fleftioni the concave mirror is Aibftituted in die 

plate of the convex lens, and the convex mirror 

jp may be ufed inftcad of the concave lens: but their ' 

difpofitions with refpeft to each other, when conv- 

bined, muft neceflarily differ from thofe of lenfes, 

on account of the opacity of the one, and the tran*- 

fparcncy of the other. 

Q^ Let AR (fig. 108) reprefent the polifhed fphc- 

• rical furface tof a concave mirror, and ob an objeft 

fituated without the center of the mirror; then 

~ » 

the pencil of rays, which is emitted from the 
point o, will fall on ihe mirror; and after re- 

' fleftion, converge to the focus i; the pencil 
from B will converge to m, and the like will hap- 
pen to thofe emitted from the intermediate points, 
whofe foci will be found between i and m. There 
will confcquently be formed before the mirror an 
inverted focal image, refembling that which is 
formed by a convex lens (324, h). 

R Let AR (fig. 109) reprefent the polilbed fphe-* 
rical furface of ^z convex , mirror, ^ and o b an 
objeft : 'then the pencil of rays, which is emitted 
Troni the point o,. will fall on the mirror, and 
after refleftion diverge from the virtual focus i; 
the pencil fr6m b will emerge from, m, ai>d. the 
♦like will happen to thofe emitted from the inter- 
mediate points, whofe virtual foci will be found 
between . i and m. , There will conf9qucndy be* 

formed^ 
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formed b^ind the mirror an ctc& focal image^ 
icfembling that which is formed by a concave 
lens. 

Let A R (fig. no) reprefent a concave mirror, s 
t^hoie center is c, and o b an objedt Htuated with* 
out the center. Through the center c, from o, 
draw the line o n, which will be perpendicular 
to the mirror at Nj^aod will therefore reprefent 
both the incident and rcflefted ray, which pro- 
ceeds from o, and ii reflcfted at n: the focal 
reprefentation or image of o will confequently be 
found in that line. Through c, from b, draw the 
line B V, and by the fame reafoning the focal image 
of B will be found in that line. Draw the line or * 
ray o v, and it will be reflefted fo as to crofs the 
ray o n at i, the angle of reflcdtion i v c being 
equal to the angle of incidence o v c. This inter- 
fcdion of the rays determines the focal point of 
o, which is I. From b to n drav^ the ray b n, and 
its reflcftion will . determine the focus of b, which 
is M, and the image will be inverted. 

Let A R (fig. 1 1 J ). reprefent a convex mirror, t 
and the other reprefentatiohs and conftruftion be 
as in the laft figure. The focal reprelcntations of 
o and p will be found in the lines o c and b c, 
and . the rcflefted part of the ray o v will virtu- 
ally crofs the line oc at is the rcfledted part of 
the r^ 9 N will alfo virtually crofs the line b c at m. 
Thefe intcrfcdlions "will determine the place pf the 
focal image i m, which will be ere£t» 

• • • 

A a 3 Hence 
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u Hence it appears to be the property ^f- tfcefc 
muTors, that the objeft and the'lfnagc, if viewed 
from the center of the fpTiere, are fcen under 
equal angles; for, the" angle ocb is efc[uial'to 

V the angle iCU; land that the objeft and image, 
if viewed from the point of refleftioi^ are Teen 
under equal angles; for, the angle b vb is equal 
to the angle ivm. From this it is cafy to find 
the pofition and magnitude cif the focal image, 
if the pofition and magnitude of the objeft, aftd 
the diameter of the fphere, of ^hich themiiTOr is 
a part, be known. ., 

w The reflefting telefcope, which was niadc by 
Sir Ifaac Newton, was of the fblbwing forrti. '^ * 
Let D E F G (fig. Hi) reprefent a tube ^ at 
one end of which is placed the concave mirror 
A R, and let o B reprefent a diftant objeft 5 their 
the pencils, which are emitted from the Several 
jpoints of its furface, will be 'collcftcd,' and fbwA 
an inverted image i m. But by the interjiofition of 
the plane mirror k(C, the rays ar^ refl^fted, and the 
iniage i^ formed at i m, which ' is Teen very much 
hiagnified by means of the plano-convex fens 

AL "JL« * • . 

X '• The immenfely powerful telefcopes of JHcrfchd 
are' on this Conftruftion. This capital artift, 'and 
boft ' affidupus aftronbitiier, 'has made feveral Ipe- 

• culums,- Which af e fo perfeft as to bear a magnify- 
ing power "of toore' than fii^ thoufand tiiftes in 
diameter on fome 6( the fixed ftary*. The largeai 
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* Phil. Traaf. 1784. 
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tclcfcopc completed by him, and far exceeding 
in all refpefts any yet attempted, has an objedk 
Ipeculum of forty feet focal length. 

The refledling telcfcope, which is moft in ufe x 
at prefent, is compofed of two concave mirrors of 
diflFerent radii. The larger concave ar (fig. 113) 
forms the focal image i m^ which ferves as an objeft 
for the fmall mirror k c : a fecond image i rti is 
formed by the mirror, the rays pafling through 
the amplifying lens l, which is placed in a hole or 
perforation in the , center of the great mirror a r. 
This image is eredt, and is viewed much enlarged 
through the ey^-glals 6r lens p. 

In good reflefting telefcopes the objeft fpeculum 2 
is not of a.fpherical form. 

Refleding microfcopes are fometimcs made; a 
the method of conftrufting which, as alfo of other 
inftruments, may be deduced from wh'at has been 
f^d concerning reflefting telefcopes. 
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Marsy the planet, 124. telefcopfc appearance, 177. 
Matter^ and its properties, 7 & feq. 
Mathematical knowledge^ why perfpicuous and certain, 4. fup- 

pofes extenfion to be analyfed, 9. 
Mechanical powersy enumerated, 54. their general properties, 

72 — 74* 

^ idediumy 



V 



i N D E X. 

MtMuHh 2€o. various, difperie light unequally, 269. 

Mtrcury, the planet^ 107, 176. 

Micrometer fcrno, 71. 

Mcmfiopesy 336—340. 

Mirrort, 263. 317. 3s5- burning, 319. 

A/mi, eclipfe of 1 10. other phenomena, 141 — 158. tele- 
fco|»c appearance, t68 — 173. caure of its motion, 2ott. 
its irregularities explained, 218— 23Z. colour during an 
eclipfe, 297. 

Momtnlum, 19. of light, 257. 

Mathitf 7. 8. quantity of, 19. abfDlute, relative and appa- 
rent, or angular, 2Q. laws of, ai— 25. compofition and 
refolution (k, 23, 34. uniformly accelerated, 27 — 31. and 
retari^ed, 31 — 32. how produced, deflroyed, or changed, 
33 — 44- difputc concerning the meafurc of its quantity, 
37—39- 

N 

Natural philafiphj, its proofs, 5. haw acquired, IQO. 

Nebula, 193. 

Netvtcn, 103. 291. 315. 350. 351. 

Nades, 123. 

Nutation^ 24O. 



Opacity, its caufc, 294. 
Orbits, 197 — 207. 



Parallax, annual, 120. .139. general account of, 128. hori- 
zontal, 129. 

PauFs church, St. its colour at funfet, 297. 

Pencil of rays, 316. 

Pendutumsy 26. 80. & feq. with a deal rod, gi, gridiron, 
91 — 93, vibrate flower near the equator, 236, 

Perihelitim, 122, 

Phih/ophizing, rules of, 6. 

Philojophy, natural, its proofs, 5, how acquired, lOO. 

Planeh, pTimAry, 105. their mutual appearances, 1 13— 1 15. 
their orbits elliptical, 121. nearly circular, 122. and in- 
clined to the ecliptic, 123. their number and afie^ions, 
124—127, moons, 137. motions explained, 207> irregu- 
lantiss, 232. 

PJastetit 



Planets^ fecondary, ^37. their nlocibn eiplained, t^9» 

Porofity f matter^ I7. 

Precijjion cf the equinoxes^ ,14.0. 

PreJJure<, is lefs than impul£?| 34. 

Pringky Sir John, 103. 

Prifm^ 264 & fcq. 

ProjeiirUsy 97. 

i*j«ff^, 61—64. . 



t J 



iiadiaht potniy yb. 

RainbouTy 273 oe feq» 

Refie^f ion ef light, defined^ 261. analogous to refnuSion, 

292. regular, 317. , 
Rejlexihilityy 270. 
RefraElimy 261. regular^ 320. 
Rjfrangihilityy 264. 

Repulfiorty 47. apparently Exerted between floating bodies, 50. 
Retarded motion, 31, 32. 
Revolving bodies, 94— 99^ 
Right afienjion, 182. 
Romety Monf. 254. 
Rules of philofophizingy 6. 



Saturn and its ringy 1 37. 179* 

S^reWy 68 & feq. 1 

5^<^«j, 180—188. 

Shadow of the earthy no. , 

5a^/Vir,' 187. 

SpeSiacleSy 333, 

Speculum^ See Mirror. 

SpeSrHniy 266 & feq. • 

5/tfr/, fixed* Sec /Vx^// S/^rx. . . % 

£//», 104. its parallax, 131* telefcopic appearanee» 174. its 

atmofphere, 175, 
Swittg'wheely 88. 
Synth'efis and amljfisf IQO. • ^ 



INDEX. 



Tackliy 6 1 — 64. . 

Telifcopesy refrading, 342. their imperfections, 348. achro- 
matic 351— 353* rcflcfting, 358. 
Termination^ 183. 
Tiifx explained, 241—251. , 
Tranjit ofVenui over the Sun's difcy 132— 136, 
Tranfparencyy its caufe, 294. 
Tropics^ 188. 

U 

Undulation of the air^ 345. 
Vniverfe^ fyfiemof, 174. 



Variation of the moon's motion^ 144* 
Velocity y final, 29, 31. initial, 32. 
VenuSy its apparent motions and proportional diftance from 

the fun, 105 — 107, 113. tranfit over the difc of the Sun, 

1 32-— 126. telefcopic appearance, 176* 
Vifion^ 25 », 327 & fcq. 

W 

Wedge, 66—68. 
Weighty 35. 

fVhdehurJfy Mr. his inflrument for mealuring the time cm- 
ployed by falling bodies, 42. 

Y 

■ 

Tear^ natural^ 187. natural, periodical, and fidera^ 240* 

z 

Zenithy 182. 



